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THE  GREAT  NEBULA  IN  ORION. 


WILLIAM  H.   PICKRRING. 
For  Thb  Mbmbnoxs. 

Since  its  earliest  discovery  this  object  has  occupied  a  pro- 
minent place  in  the  literature  of  astronomy,  but  it  is  only 
within  a  few  years  since  the  recent  applications  of  photog- 
raphy that  an  adequate  means  has  been  found  properly  to 
represent  its  structure.  As  this  object  is  now  in  its  most 
favorable  position  for  observation,  I  take  this  opportunity 
to  describe  some  of  our  more  recent  results,  hoping  that 
others  may  confirm  them  the  present  year. 

We  have  lately  photographed  the  Trapezium,  showing  all 
six  stars  very  clearly.  Their  unequal  magnitudes  make  this 
a  very  good  test  object,  and  I  think  that  no  one  should  feel 
that  he  is  getting  the  best  results  if  his  instrument  will  not 
show  the  sixth  star  well  separated,  and  the  fifth,  which  is  de- 
cidedly fainter  than  the  sixth,  clearly  defined.  For  this  class 
of  work  an  enlarging  apparatus  should  be  attached  to  the 
telescope. 

We  have  recently  considerably  extended  the  nebulosity 
about  0  by  giving  longer  exposures,  and  using  a  quicker  lens. 
The  connection  with  c  is  now  well  marked,  while  the  long 
nebulous  streak  extending  southwards  from  C  is  broadened 
and  joins  c  upon  the  other  side,  connecting  the  sword  handle 
with  the  belt.  This  extension  is  of  much  greater  area  than 
the  other  two  nebulae  combined.  Its  northern  portion  as  far 
as  3°  SCy  S  is  fairly  conspicuous,  and  makes  an  excellent  test 
object,  not  of  the  instrument  or  the  steadiness,  but  of  the 
clearness  of  the  air,  and  the  blackness  of  the  sky.  Owing  to 
the  recent  advances  in  stellar  photography,  this  matter  of 
sky  illumination  has  assumed  considerable  importance,  and 
it  is  very  doubtful  if  any  of  the  fainter  nebulous  extensions 
here  described  can  be  photographed  at  any  Observatory  lo- 
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cated  in  or  neara  large  city.  This  is  dueundoubtedly 
to  the  gas,  but  chiefly  to  the  electric  lights,  which  illuminate 
the  slight  haze  found  in  the  sky  of  nearly  all  localities  with 
an  almost  inperceptible  light,  but  which  is  nevertheless,  very 
destructive  to  the  fainter  detail  shown  by  our  most  sensitive 
plates  when  used  with  long  exposures.  The  difficulty  is  an- 
alagous  to  the  impossibility  of  photographing  the  solar 
corona  without  an  eclipse,  or  of  photographing  the  zodiacal 
light  during  an  eclipse. 

An  interestiiig  structure  brought  out  upon  our  plates  is  a 
large  spiral  nebula  whose  outer  extremity  starts  in  the 
^•ici^ity  of  ^  Ononis.  It  passes  about  four  degrees  north  of  C 
extends  to  thence  to  ,s,  then  north  to  i,  with  an  outside 
stream  lying  nearly  north  and  south,  and  preceding  ^  about 
four  degrees.  Another  stream  lying  nearly  east  and  west 
precedes  ■-;  about  the  same  amount.  This  nebula  is  about 
seventeen  degrees  in  length,  by  nearly  the  same  breadth,  and 
surrounds  a  cluster  of  bright  stars  including  the  belt  and 
sword  handle,  and  extending  towards  r-  The  region  con- 
taining the  nebula  is  noticeably  lacking  in  stars  brighter 
than  the  eighth  magnitude,  but  contains  the  verj'  bright 
stars  r,  and  ft.  It  is  possible  that  a  plate  with  double  our 
present  exposures,  which  we  are  soon  going  to  try,  will  fill 
the  space  between  i?  and  ',  thus  making  the  great  nebula  the 
inner  termination  of  the  spiral.  This  nebula  is  shown  by 
three  different  exposures  and  is  very  distinctly  marked. 

All  the  above  described  negatives  were  taken  at  our  Cali- 
fornia station  upon  Wilson's  Peak  (altitude  6250  feet). 
Those  showing  the  nebulje  were  taken  with  a  Voigtlandcr 
portrait  lens  of  2.6  inches  aperture  and  8.6  inches  equiva- 
lent focus,  with  an  exposure  of  three  hours.  Stars  eleven  to 
the  twelfth  magnitude  are  well  shown.  A  more  detailed  ac- 
count of  these  observations  with  illustrations  is  in  course  of 
preparation,  but  will  probably  not  appear  in  time  to  be 
use  to  observers  this  year. 


Dr.  Lewis  Swift,  director  of  the  Warner  Observatory,  has 
discovered  another  comet.  We  regret  to  hear  this.  The 
market  is  overstocked  with  comets  already  and  there  is 
nothing  in  our  tariff  law  to  prevent  their  importation  and 
thus  bearing  the  market.  How  would  it  do  to  pension  Dr. 
Swift  and  put  him  on  the  retired  list.— BuW/n^on  Hawkeye^ 
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ON  THE  STABILITY  OF  THE  RINGS  OF  SATURN. 


PROFBSSOR  GBORGB  W.  COAKLBY. 
Foe  Thb  Mbotbmobk. 

It  is  now  nearly  three  hundred  years  since  Galileo  caught 
the  first  imperfect  view  of  the  rings  of  Saturn ;  and  more 
than  two  hundred  years  since  Huyghens  made  out  their 
complete  character  as  thin  broad  circular  rings  surrounding 
the  planet,  but  detached  from  him  on  all  sides.  The  two 
old  rings  that  thus  date  back  at  least  some  three  hundred 
years,  and  probably  very  much  longer,  appear  to  be  concen- 
tric with  the  planet  and,  with  the  exception  of  some  partial 
divisions  in  them,  they  present  apparently  a  continuous  sur- 
face, like  that  of  the  planet  itself.  It  was  supposed  at  first, 
that  they  were  solid  bodies  like  the  planet,  in  the  shape  of 
thin  flat  circular  discs  of  nearly  uniform  dimensions  on  all 
sides,  and  suspended  concentrically  over  the  planet's  equator. 
They  were  also  soon  found  to  revolve  about  the  planet  as 
his  satellites  do,  and  in  the  same  direction. 

Before  the  application  of  Newton's  law  of  gravitation  to 
the  motions  of  the  heavenly  bodies,  no  one  knew  any  reason 
why  these  rings  might,  or  might  not,  thus  continue  to  re- 
volve about  the  planet  for  all  time,  past  or  future.  But  La 
Place  first  in  applying  this  law  to  the  rings  and  the  planet, 
found  that  if  the  rings  were  uniform,  homogeneous  solids, 
they  could  not  forever  revolve  concentrically  around  the 
planet,  except  in  the  absence  of  all  disturbing  forces,  which 
might  tend  in  the  slightest  degree  to  separate  their  centers 
fi-om  that  of  the  planet.  He  showed  that  they  posessed  an 
unstable  equilibrium  of  revolution  around  the  center  of  the 
planet,  which  might  be  maintained  for  any  length  of  time, 
if  there  was  nothing  to  disturb  it ;  but  that  the  attraction 
of  one  of  the  satellites,  or  of  the  sun,  or  of  one  of  the  other 
planets  of  the  solar  system,  and  especially  of  Jupiter  at  his 
nearest  approach,  would  necessarily  tend  to  separate  the 
centers  of  the  rings  from  that  of  Saturn.  In  this  case,  if  the 
rings  were  homogeneous  solids,  of  uniform  dimensions  in 
all  their  parts.  La  Place  showed  that  the  mutual  attraction 
of  Saturn  and  of  the  several  parts  of  the  ring  would  cause 
their  centers  to  separate  more  and  more,  until  the  nearest 
portion  of  the  ring  should  be  precipitated  violently  upon  the 
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body  of  the  planet  and  the  ring  would  necessarily  be 
shattered  by  the  conision.  Moreover  this  catastrophe 
would  take  place  in  a  very  short  time.  As  the  separation 
of  the  centers  would  proceed  with  continually  accelerated 
velocity,  perhaps  a  month  would  be  more  than  enough  to 
ensure  the  destruction  of  the  rings.  But  they  have  endured 
now  for  hundreds  and  very  probably  for  thousands  of  years. 
Hence  there  must  be  some  means  of  counteracting  this  de- 
structive eifect  of  all  the  attractions  to  which  the  rings  are 
subject,  and  of  maintaining  their  stable  equilibrium  of  mo- 
tion about  the  planet.  LaPlace  was  still  disposed  to  admit 
the  solidity  of  the  rings.  But  then,  notwithstanding  ap- 
pearances and  measurements  to  the  contran.',  he  denied  that 
they  could  be  uniform  in  dimensions,  or  in  the  density  of 
their  several  parts.  He  thought  that,  if  the  constitution  in 
different  parts  were  such  that  their  centers  of  gravity  were 
not  at  the  center  of  Saturn,  then  these  centers  of  gravity 
might  continue  to  revolve  around  that  of  the  planet,  in  the 
same  manner  as  a  satellite,  and  that  the  stability  of  equilib- 
rium of  their  motion  might  thus  lie  preserved.  This  was, 
however,  merely  an  opinion  of  LaPlaee,  but  without  any 
demonstration  on  this  particular  point. 

The  subject  remained  in  this  condition  until  between  fortj' 
and  fifty  years  ago.  when  Mr.  George  P.  Bond  was  examin- 
ing Saturn's  rings  with  the  then  new  and  great  telescope 
of  the  Har\-ard  Observatory.    He  saw  new  di\Hsions  and 
openings  in  the  rings  which  led  him  to  examine  the  records 
of  older  astronomers,  to  see  if  they  had  made  similar  ob- 
servations.   He  found  in  the  observations  of  European  and 
other  astronomers  of  the  preceding  half  centun,-  and  later, 
many  records  of  the  markings  and  changes  which  he  had 
himself  observed,  such  as  temporary  divisions  in    certain 
parts  of  the  rings,   and   of  their  subsequently  closing  up. 
From  all  these  observations,  including  his  own,   Mr.  Bond  . 
came  to  the  conclusion  that  the  rings  must  be  of  a  liquid  J 
nature.     Moreover,  when  he  compared  the  mass  of  the  ringSij 
as  determined  by  Bessel,with  their  volume, as  obtained  from! 
observation,  he  found  that  their  density  was  nearly  that  of  J 
water. 

This  confirmed  him  in  the  view  that  they  were  probably 
of  a  liquid  nature.     LaPIace  also  had  previously  determined 
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the  mean  density  of  the  rings  to  be  1.3  times  the  density  of 
Saturn.  Professor  Newcomb  gives  the  mean  density  of 
Saturn,  compared  with  water,  as  0.75;  hence  LaPlace's  de- 
termination will  make  the  density  of  the  rings,  compared 
with  water,  0.97%,  or  only  2Vi  per  cent  less  than  the  density 
of  water.  In  this  way  Mr.  George  Bond  could  account  for 
the  temporary  openings  and  closings  of  certain  parts  of  the 
rings  by  the  freedom  of  motion  of  its  several  parts  under 
the  stress  of  the  varying  attractions  to  which  it  was  sub- 
jected by  the  planet  Saturn,  and  the  satellites,  and  other 
bodies  of  the  solar  system.  But  this  was  not  all  that  Mr. 
Bond  did.  LaPlace  had  left  his  opinion,  without  demon- 
stration, that  the  stability  of  equilibrium  of  the  rings  might 
be  maintained  if  they  were  irregular  solids.  But  Mr.  George 
Bond  showed  that  no  solid  ring  could  be  maintained  in 
stable  equilibrium. 

On  this  part  of  the  subject,  Professor  Newcomb  in  his  Pop- 
ular Astronomy,  has  the  following  statement : 

"The  question  was  next  taken  up  in  this  country  by  Pro- 
fessors Pierce  and  Bond.  The  latter  started  from  the  sup- 
posed result  of  observations — that  new  divisions  show 
themselves  from  time  to  time  in  the  ring,  and  then  close  up 
again.  He  thence  inferred  that  the  rings  must  be  fluid,  and 
to  confirm  this  view,  he  showed  the  impossibility  of  even  an 
irregular  solid  pair  of  rings  fulfilling  all  the  necessary  con- 
ditions of  stability  and  freedom  of  motion.  Professor  Pierce 
taking  up  the  same  subject  from  a  mathematical  point  of 
view,  found  that  no  conceivable  form  of  irregular  solid  ring 
would  be  in  a  state  of  stable  equilibrium ;  he  therefore 
adopted  Bond's  view  that  the  rings  were  fluid.  Following 
up  the  investigation,  he  found  that  even  a  fluid  ring  would 
not  be  entirely  stable  without  some  external  support,  and 
he  attributed  that  support  to  the  attractions  of  the  satel- 
lites. But  as  LaPlace  did  not  demonstrate  that  irregularities 
would  make  the  ring  stable,  so  Pierce  merely  fell  back  upon 
the  attraction  of  the  satellites  as  a  forlorn  hope,  but  did  not 
demonstrate  that  the  fluid  ring  would  really  be  stable  under 
the  influence  of  their  attraction.  Indeed  now  it  seems  very 
doubtful,"  says  Professor  Newcomb,  **  whether  this  attrac- 
tion would  have  the  effiect  supposed  by  Pierce.'' 

Professor  Newcomb  makes  the  following  additional  state- 
ment: 
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"  The  next,  and,  we  may  sa^',  the  last  important  step  was 
taken  by  Professor  J.  Clerk  Maxwell,  of  England,  in  the 
Adams  prize  essay  for  1856.  He  brought  forward  objec- 
tions, which  seem  unanswerable,  against  the  solid  and  fluid 
ring,  and  revived  a  theory  by  Cassini  about  the  beginning  of 
last  century.  This  astronomer  considered  the  ring  to  be 
formed  by  a  clond  of  satellites  too  small  to  be  separately  ' 
seen  in  the  telescope,  and  too  close  together  to  admit  of  the  i 
intervals  between  them  being  visible.  This,"  says  Professor 
Newcomb,  "is  the  view  of  the  constitution  of  the  rings  of 
Saturn  now  generally  adopted," 

It  is  to  re-examine  this  question,  and  to  see  if  there  is  not 
still  good  reason   to  maintain   the  view  of  Mr.  George  P.    i 
Bond,  in  preference  to  that  of  Cassini  and  of  Professor  Max> 
well,  that  this  paper  has  been  prepared. 

In  the  first  place,  it  will  be  readily  granted  that,  if  the  fluid 
ring  be  obliged  to  preserve  an  invariable  form,  it  will  be  in 
no  better  condition,  as  to  a  stable  equilibrium,  than  the 
solid  ring,  which  it  is  agreed  that  Mr.  Bond,  Professor  Pierce 
and  Professor  Maxwell  have  all  proved  to  be  in  unstable 
eqailibnum 

If  Professors  Pierce  and  Maxwell  have  tacitly  assumed  an 
invariable  form  for  the  fluid  ring ;  or  if,  with  Mr.  Bond  also, 
they  have  failed  to  find  an  adequate  cause  for  any  required 
change  in  its  form,  so  that  its  equilibrium  may  be  restored 
to  stability,  this  fact  will  account  for  their  want  of  success 
in  establishing  the  condition  of  equilibrium  of  the  rings. 

In  the  present  paper  it  is  hoped  that  this  important  link  in 
the  chain  of  evidence  for  the  ring's  stability  will  be  supplied^ 

Sir  John  Herschel,  in  his  Outlines  of  Astronomy,  gives  the 
micrometric  measures  of  the  several  parts  of  Saturn's  two 
older  rings,  which  were  made  by  Struve,  and  reduced  to  the 
planet's  mean  distance  from  the  sun.    They  are  as  follow 

Exteriur  ilinmeter  of  exterior  ring 40".09S 

Interior  iliametcr  of  eiterior  ring 35   .289 

Eictcrior  diameter  of  interior  ring 34-".47S 

Interior  diameter  of  interior  ring 26  .668 

Interval  between  planet  and  interior  ring 4".339 

Interval  between  the  rings 0  ,*08 

Thickness  of  the  rings,  not  cxccedinx  250  miles,  which  is 
equtvaleot  to  0.0(1666  of  Saturn's  equatorial  radius. 
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The  thickness  of  the  rings  Herschell  concluded  from  their 
total  disappearance  in  his  telescope  in  1833,  while  that  tele- 
scope would  distinctly  show  a  line  one-twentieth  of  a  second 
of  arc  in  breadth.    Hence  the  thickness  was  less  than  0".05. 

Professor  Newcomb,  in  his  Table  of  Elements,  on  page 
528  of  his  Popular  Astronomy,  gives  the  angular  diameter 
of  Saturn  at  distance  unity,  or  at  the  earth's  mean  distance 
from  the  sun,  equal  to  162^^.8.  Hence,  at  Saturn's  mean 
distance  from  the  sun,  his  equatorial  diameter  would  be 
1^^  =  17".067136.  Therefore  Saturn's  equatorial  radius, 
at  his  mean  distance,  is  8^^..5336. 

If,  therefore,  we  take  Saturn's  equatorial  radius  as  the 
unit  to  measure  the  distances  from  his  center  to  the  several 
parts  of  the  two  older  rings,  as  well  as  the  distances  of  his 
satellites,  we  shall  find  the  following  results : 

Distance  to  outside  of  exterior  ring 2.355 

Distance  to  inside  of  exterior  ring 2.068 

Breadth  of  exterior  ring 0.287 

Distance  to  ontside  of  interior  ring 2.020 

Distance  to  inside  of  interior  ring 1.563 

Breadth  of  interior  ring 0.457 

Interval  between  planet  and  interior  ring 0.059 

Interval  between  the  rings 0.048 

Thickness  of  the  rings  not  greater  than , 0.00666 

Professor  Newcomb  gives  a  table  of  distances  of  Saturn's 
Satellites  in  terms  of  his  equatorial  radius  as  a  unit,  which 
agrees  to  the  nearest  tenth  of  a  unit,  in  all  but  two  of  the 
satelliteSy  with  a  similar  table  given  by  Sir  John  Herschel, 
Professor  Ncwcomb's  table,  which  will  here  be  adopted,  is  as 
follows : 

1st  Sat^te,  Mimas,  distance  from  Saturn 3.3 

2d  "  Enceladus,  "  "  "      4.3 

3d  ••  Tethys,  "  "  "      5.3 

4th  "  Dione,  "  "  "      6.8 

6th  "  Rhea,  "  "  *'      9.5 

6th  "  Titan,  **  "  "      20.7 

7th  "  Hyperion,  "  "  *•      26.8 

8th  "  Japetns,  *'  "  "      64.4 

Theeflect  of  Saturn's  sixth  and  largest  satellite,  Titan,  in 
removing  the  center  of  the  exterior  ring  from  the  center  of 
the  planet,  may  be  determined  by  the  same  kind  of  compu- 
tation as  that  by  which  the  tides  in  the  waters  of  the  earth 
are  produced.  This  is  done  by  taking  account  of  the  differ^ 
ence  of  attraction  which  the  moon  exerts  on  the  earth  as  a 


whole,  at  its  center,  and  on  the  waters  nearest  the  moon 
and  farthest  from  her.  For  it  is  evident  that  the  satellite, 
Titan,  wiU  attract  the  part  of  the  ring  nearest  to  him  more 
strongly  than  he  will  attract  Saturn's  mass  condensed  at 
the  planet's  center;  and  that  he  will  attract  the  more  dis- 
tant part  of  the  ring  less  strongly  than  he  will  attract  Sat- 
urn's mass.  Hence  the  diHerence  of  attraction  by  the  satel- 
lite, with  regard  to  Saturn  and  the  two  opposite  parts  of 
the  ring,  will  be  entirely  similar  to  the  action  of  the  moon  in 
producing  our  tides. 

In  order  to  determine  the  nature  of  these  effects,  it  will  not 
be  necessary,  perhaps,  to  develop,  in  an  entirely  rigorous 
form,  the  whole  mathematical  theory  of  the  tides;  but  only 
to  recall  a  few  points  in  the  simplest  form  of  this  theory. 

Taking  the  earth's  equatorial  radius  as  the  unit  of  dis- 
tance, the  moon's  distance  from  the  earth's  center  may  be 
stated  as  60.  Its  distance  from  the  waters  nearest  the 
moon  will  then  be  59;  and  from  the  waters  farthest  from 
the  moon,  in  the  opposite  hemisphere,  the  distance  will  be  J 
61. 

If  m  =  the  moon's  mass,  her  accelerative  attraction  on  ' 
the  earth  as  a  whole  is  the  same  as  though  the  earth's  mass:  ] 
was  all  condensed  into  its  center,  and  will  be  expressed  by  * 
-^jrj.    The  moon's  attraction  on  the  waters  nearest  to  her 
will  be  expressed  bv  .-„., ;  and  her  attraction  on  the  waters 

furthest  from  her  bv  ttttt^.    """'■"  *'"'  "■"*»-=  -i;™..n^  .— 

■    161)- 
der  the  moon,  and  nearest  to  her  are  drawn  away  from  the  J 
earth's  center  by  the  moon's  disturbing  force  f,, 

f  —      ^    „  _"!_  -.         119m 
''  -  (59? 


(60)*       (59)"x"(6d)'°^'''       105308' 
This  force  tends  to  diminish   the  gravitation  of  the  watec*^J 
nearest    the   moon    towards    the   earth's    center,    and    to  T 
cause  it  to  swell  upwards  towards  the  moon,  and   away  1 
from  the  earth's  center,  or  to  i^ise  a  high  tide  directly  und< 
the  moon. 

But  the  difference  of  the  moon's  attraction  on  the  earth,  I 
and  on  the  waters  farthest  from  her,  in  the  opposite  beoii*  J 
sphere,  is 


121m 


(60)'       (61)'       (60)*  X  (61)*       110707' 
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This  force,  ij,  tends  to  draw  the  earth's  center  away  from 
the  most  distant  waters,  or  it  is  equivalent  to  driving  these 
waters  away  from  the  earth's  center,  and  so  tends  to  raise 
another  high  tide  in  this  opposite  hemisphere. 

To  obtain  the  entire  momentary  eflFect  of  the  moon  in 
tending  to  produce  these  high  tides  in  the  opposite  hemi- 
spheres of  the  earth,  it  would  be  necessary  to  take  account 
of  the  sum  total  of  such  disturbing  forces  in  each  hemisphere 
caused  by  the  action  of  the  moon  on  the  earth  and  on  each 
particle  of  water  wherever  situated  in  the  two  hemispheres. 
But,  as  many  of  these  forces  in  each  hemisphere  are  nearly 
equal  to  those  we  have  expressed  b^'  /J  and  /|,  and  as  they 
gradually  approach  to  equality  in  proportion  as  we  recede 
fr'om  the  points  nearest  the  moon,  and  most  distant  from 
her,  it  is  natural  to  suppose  that  at  least  a  certain  rough 
approximation  to  the  ratio  of  all  those  forces  in  the  one 
hemisphere  to  those  in  the  other,  will  be  obtained  by  taking 
the  ratio  of  the  single  forces,  ^  and  /J.    This  ratio  is 

/;,  _  110707  ^ 

/; "  105308 ""  ^•^^^^• 

It  follows  from  this  entirely  arithmetical  computation  that 
the  moon's  disturbing  force  on  the  waters  nearest  to  her,  is 
about  five  per  cent  greater  than  that  which  she  exerts  on  the 
waters  most  distant  from  her  in  the  opposite  hemisphere. 
By  taking  the  actual  summation  of  the  greater  portion  of 
these  forces  in  the  two  hemispheres,  in  a  manner  that  will  be 
subsequently  given  in  this  paper,  I  find  that  the  excess  of  the 
moon's  action  on  the  waters  supposed  to  cover  the  whole  of 
the  nearer  hemisphere,  over  her  action  on  the  waters  sup- 
X)osed  to  cover  in  like  manner  the  more  remote  hemisphere,  is 
about  two  per  cent  of  the  whole  action  on  the  nearest  hemi- 
sphere. The  consequence  is  that  the  moon  ought  to  raise  a 
tide  in  the  hemisphere  immediately  under  her  about  two  per 
cent  higher  than  in  the  opposite  hemisphere  at  the  same  time. 
The  average  lunar  tide  in  the  open  ocean,  at  great  distances 
from  the  continents,  near  any  small  island,  has  been  ascer- 
tained riot  to  exceed  about  two  feet.  Two  per  cent  of  this 
height  is  only  forty-eight  hundredths  of  an  inch,  less  than 
half  an  inch.  It  is  not  surprising  then  that  this  small  differ- 
ence is  not  generally  recognized.  Yet  it  exists,  and  a  further 
consequence  of  it  is  that  the  earth's  center  of  gravity  is 
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tliereby  slightly  removed  towards  the  moon,  because  of  the 
greater  bulk  of  water  drawn  towards  our  satellite. 

The  sun  also  affects  the  tides  in  our  oceans,  in  the  same 
manner  as  the  moon  does;  but,  owing  to  his  much  greater 
distance,  or  to  his  much  smaller  difference  of  distance  from 
the  earth's  center  and  from  its  two  opposite  heraispherea, 
compared  with  his  whole  distance,  his  greatest  tidal  distur> 
bance  of  the  oceans  is  not  more  than  half  that  produced  by  1 
the  moon;  and  the  difference  of  his  action  in  the  two  hemi- 
spheres is  verymuch  smallerthan  that  beforenoticed, though 
it  is  of  the  same  kind.    Let  us  next  examine  the  disturbing 
action  of  the  sun  on  the  exterior  ring  of  Saturn,  arising  from 
the  difference  of  bis  attraction  on  the  planet,  and  on  the  two  ] 
halves  of  the  ring  situated  on  opposite  sides  of  Saturn  with  I 
reference  to  the  sun. 

Saturn's  mean  distance  from  the  sun,  in  terms  of  the  great- 
est radius  of  the  exterior  ring,  taken  as  the  unit,  is  about  j 
10285.    Hence  the  sun's  distances  from  the  nearest  andmost  , 
remote  points  of  that  ring  are  10284.,  and  10286. 

If  therefore  /J  and  ^  arc  now  the  disturbing  actions  of  the  I 
sun,  in  reference  to  theae  parts  of  the  ring  and  Saturn's  cen-  ] 
ter,  and  if  Af=  the  sun's  mass,  it  follows  that 

f  -        ^        -.       ^ -  20569  Af 

(10285)'  " 


■  (10284)' 

_^ 

'  (10285)'       (10286)' 


M 


(10284)'X  (10285)' 
20571 M 
'  (10285)'X  (10286) 


Hence  the  sun  tends  to  draw  the  nearest  point  of  the  ex. 
tenor  ring  away  from  Saturn's  center'by  a  certain  small 
disturbing  force,  and  to  draw  away  Saturn's  center  from  the 
farthest  point  of  the  ring,  or  apparently  to  drive  this  part  of 
the  ring  away  from  Saturn's  center,  bj-  another  small  dis- 
turbing force.    But  the  former  force  exceeds  the  latter  by  less 
than  three  hundredths  of  one  per  cent  of  the  former.    By 
taking  the  sum  total  of  all  the  principal  disturbing  forces  of  1 
the  sun  on^the  two  opposite  parts  of  the  ring,  I  find  the  ratio  J 
to  be-7J-=  1.000115,  or  about  one  hundredth  of  one  per  cent,  j 
more  on  the  nearer,  than  nn  the  more  remote  half  of  the  j 
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ring.  The  tendency  of  the  sun*s  disturbing  forces  is  therefore 
to  draw  the  center  of  this  ring  very  slightly  away  from  Sat- 
urn's center  toward  the  sun.  At  the  same  time,  if  the  ring 
be  liquidy  this  action  of  the  sun  will  tend  to  produce  high 
tides  in  the  portions  of  the  ring  nearest  to,  and  farthest 
from  the  sun.  But  the  former  tide  will  exceed  the  latter  by 
about  the  same  one  hundredth  part  of  one  per  cent  of  the 
nearest  tide. 

The  action  of  the  sun  on  the  inner  ring  will  be  of  the  same 
kind  but  smaller  in  amount,  because  the  difference  of  dis- 
tance,  upon  which  it  depends,  is  smaller. 

Let  us  next  examine  the  disturbance  of  the  exterior  ring 
by  the  planet  Jupiter  when  nearest  Saturn.  The  nearest 
mean  distance  of  Jupiter  from  Saturn,  in  terms  of  the  great- 
est radius  of  the  exterior  ring,  is  about  4675.  Hence,  if  m 
=  Jupiter's  mass,  and  /J  and  ij  are  respectively  the  disturb- 
ing actions  of  Jupiter  on  the  nearest  and  farthest  points  of 
the  ring,  it  will  follow  that, 

>.  _        m m _  9349n3 

'  ""  (4674)«       (iefEy  ""  (4674)*  X  (4675)'' 

J  >.  _       m m 9351ni 

'  "  (4675)«      (4676)*  ~  (4675)*  X  (4676)* 

••/;""  9351  ^  146741   ""  ^'^^^*- 

But  if  we  take  the  sum  of  all  the  principal  disturbing 
forces  of  Jupiter  on  the  two  opposite  halves  of  the  ring, 
nearest  to  him,  and  farthest  from  him,  then  the  above  ratio 
will  become  1.00025.  Hence  Jupiter's  action  on  the  nearest 
half  of  the  ring  exceeds  that  on  the  opposite  half,  by  about 
one  fortieth  part  of  one  per  cent  of  the  former,  when  nearest 
to  Saturn.  By  this  amount  Jupiter  tends  to  draw  away  the 
center  of  the  ring  from  that  of  Saturn ;  and  by  the  same 
amount  be  tends  to  produce  a  greater  tide  in  the  nearest 
half  of  the  ring  then  in  its  opposite,  provided  the  ring  be 
Ouid. 

It  is  unnecessary  to  take  account  of  the  actions  of  the 
other  planets  on  the  rings,  since  their  action  is  very  much 
less  than  that  of  Jupiter,  but  necessarily  of  a  similar 
nature. 

TO  BB  CONTINUBD. 
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EDWARD  S.   IIOLDEX. 

Dr.  Charlier,  assistant  in  the  Observatory  at  Stockholm,  ' 
has  prepared  a  memoirt  on  the  use  of  photography  in 
determinations  of  the  brightness  of  stars,  which  has  been 
published  by  the  Astronomical  Society  of  Germany,  and 
dedicated  to  the  Pulkowa  Observatory,  on  the  occasion  of 
the  fiftieth  anniversary  of  its  foundation,  August  19,  1889. 

The  subject  treated  is  so  new  and  soimportant  that  it  will 
not  be  out  of  place  to  give  a  brief  review  of  Dr.  Charlier's 
excellent  treatise  here  and  to  add  some  general  considera- 
tions on  the  same  question.  The  importance  of  this  subject 
will  be  obvious,  when  we  consider  that  within  the  next 
decade  we  may  expect  to  have  at  least  two  sets  of  phoio-  I 
graphic  maps,  covering  the  whole  sky  from  pole  to  pole,  and  ' 
including  millions  of  stars  down  to  the  fourteenth  magni- 
tude. 

Besides  these  systematic  maps,  hundreds  of  charts  of 
special  regions  will  be  made.  Each  star  on  each  of  these 
maps  will  have  impressed  its  image  on  a  negative  plate  as  a 
disc  of  measurable  size.  Hence  the  magnitude  of  each  and 
every  star  can  be  determined,  if  necessary,  and  when  the 
catalogue  of  the  stars  to  the  eleventh  magnitude,  also  pro- 
posed by  the  Congress, is  constructed,  the  magnitude  of  each 
one  of  these  two  million  stars  must  be  given. 

There  are  two  imperative  questions  to  be  settled  before  the 
principles  on  which  this  great  work  is  to  be  done  can  be  con- 
sidered to  l)e  established.    The  first  and  more  special  ques- 
tion is,  What  is  the  relation   between   the  diameter  of  thej 
photographic  image  of  a  star  (d)  the  aperture  and  focus  of* 
the  tclescoiie  employed  (a,  /">  and  the  exposure  time  (t),  and 
what  is  the  relation  between  the  (photographic)  brightness 
of  a  star  and  the  diameter  of  its  image?    Having  satisfac- 
torily determined  the  relations  just  named,  the  second  and 
more  general  question  presents  itself,  namely:  On  what  fun-/ 
damental  principles  ought  the  photographic  magnitudes  of  1 
the  stars  to  Iw  assigned  ? 

(  Vrhtr  ilit  AnirenilanK   da  Sttrnpholoentpblt  tu  HtlllgkclUmttaanrrn  (In-jl 
atrtat.  i-oiT  C.  V.  L.  ChutTlcr.     Publkmlviidcr  Attroaamlscben  GntlhchaR.  XIX.m 
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These  two  questions  are  not  treated  separately  in  the 
work  before  us.  Its  second  paragraph  states  the  problem  of 
the  photographic  photometry  of  stars  as  follows:  It  is  "to 
determine  the  function  which  gives  the  relation  between  the 
size  of  the  photographic  image  and  the  photographic  bright- 
ness of  the  star,  and  to  determine  the  constant  quantities 
in  this  function  in  puch  a  manner  that  the  resulting  photo- 
graphic  brilliancies  shall  correspond  accurately  throughout 
with  the  brilliancies  determined  visually.*^ 

In  my  judgment,  this  is  by  no  means  the  problem  of  stellar 
photographic  photometry.  It  is  impossible,  in  general,  to 
fulfil  that  portion  of  the  above  statement  which  I  have 
printed  in  italics.  The  difference  between  the  photographic 
and  the  photometric  magnitudes  of  Aldebaran,  for  example, 
is  more  than  one  and  one-half  magnitudes,  and  so  with 
other  stars.  We  ma«r  leave  this  part  of  the  question  for  the 
moment,  and  proceed  to  give  a  brief  analysis  of  Dr. 
Charlier's  memoir,  laying  stress  principally  on  the  novel 
portions  of  his  work. 

The  observations  which  he  discusses  were  made  with  a 
photographic  lens  by  Steinheil  of  3.19  inches  aperture  and 
39.37  inches  focus  {-j-  =  13).  The  plates  took  in  an  area  of 
twenty  square  degrees.  The  images  were  satisfactory  over 
a  field  of  about  three  degrees  in  diameter.  Stars  to  eighth 
magnitude,  inclusive,  left  trails.  The  plates  employed  were 
made  in  Lyons,  by  Lumidre.  Four  plates  are  discussed.  All 
were  exposed  on  the  Pleiades,  as  follows:  No.  2,  t  =  13m; 
No.  4,  t  =  2ft;  No.  24,  t  =  16  30m;  No.  26.  t  =  3A.  The 
plates  were  exposed  at  very  different  altitudes,  and  no  ac- 
count is  taken  of  absorption  of  light  by  the  atmosphere. 

Dr.  Charlier  finds  two  defects  in  the  plates;  first,  bright 
rings  round  the  larger  stars,  which  he  proves  to  be  due  to 
reflections  from  the  back  of  the  plate  (the  well-known  hala- 
tion images) ;  and,  again,  false  stars.  He  finds  no  less  than 
fifty-six  such  false  stars  on  his  plate  No.  26.  They  were 
probably  due  to  defects  in  the  manufacture  of  the  plate  itself. 
As  subjects  for  experiments  he  chose  the  Pleiades,  because 
their  photometric  magnitudes  are  accurately  determined 
and  also  because  they  afford  a  variety  of  magnitude  within 
a  compairatively  small  area. 
Although  he  does  not  expressly   mention  the   fact,    the 
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Pleiades  have  the  special  advantage  for  his  purpose  of  b 
all  of  the  same  spectral  type,  A  region  containing  many  1 
very  red  or  manj'  verj-  blue  stars  would  have  given  a  corres- 
ponding number  of  anomalous  results,  which  are  avoided 
by  choosing  a  group  of  stars  of  one  tj-pe.  The  diameter  of 
each  star  on  each  of  the  four  plates  was  measured.  Calling 
H  the  brightness  of  a  star,  and  m  its  magnitude  and  0.4  the 
light  ratio,  Dr.  Charlier  starts  with  the  formula 

(1) if=(0.4)m 

That  13,  he  assumes  that  the  brightness  of  a  hrst  magnitude 
star  {m  =  1)  is  0.4.  It  is  better  to  write  this  formula,  I 
think, 

(2) H„  =  (0.4)in  — 1  I 

which  for  m  =  I  gives  H,  =  1.    Assuming  the  equation  (1),  ^ 
however,  and  further  assuming  that  when  d  is  zero,  H  roust 
be  zero,  he  finds 

(3) w  =  a  —  b\ogd 

Here  it  may  be  remarked  that,  in  fact,  H  is  not  necesarily 
zero  for  d  =  0,  because  all  stars  below  a  certain  brightness 
will  fail  to  produce  an  Image  on  the  plate,  no  matter  how 
long  the  exposure  may  be — for  any  practical  exposure 
time.  The  brightness  of  a  star  must  be  above  a  certain 
finite  limit  in  order  to  produce  any  impression  at  all.  The 
assumption  is  sufficiently  accurate,  however,  for  the  purpose 
in  hand.  The  relation  between  exposure-time  and  diameter 
of  star  image  is  next  determined  from  a  series  of  exposures 
on  Polaris,  assuming  the  form  _ 

(4) d^d...  t"  I 

That  is,  that  the  diameter  of  the  star-image  varies  as  the 
A'*  power  of  the  time.  From  Polaris  (two  plates)  the 
values  of  k  are  0.243  and  0.249 ;  from  a  star  5th  mag,  ft  re- 
sults 0.243, — hence,  the  numerical  value  of  the  diameter  of 
the  star-image  varies  as  the  fourth  root  of  the  time  or 

(5) d  =  d,    V«~ 

This  formula  shows  that  the  diameter  d  will  be  doubled 
when  the  exposure  t  is  increased  sixteen-fold . 

If  there  are  no  limits  to  the  formula  it  also  shows  that, 
for  the  telescope  and  plates  employed,  an  exposure  of  one-    « 
sixteenth  second  would  give  a  preceptible  image.    Witboutl 
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considering  the  question  of  the  range  of  sensitiveness  of 
plates  I  may  state  it  as  my  opinion  that  the  formulae  of  Dr. 
Charlier  and  those  of  Professor  Schaeberle  {Publ.  Ast,  Sac. 
Paci£c^  No.  4)  can  (at  present)  be  applied  safely  only  to 
over-exposed  stars,  and  that  there  is  a  superior  limit  also 
beyond  which  they  are  no  longer  applicable.  Both  Dr. 
Charlier  and  Professor  Schaeberle  have  found  that  the  stars 
with  the  longest  exposure  are  best  fitted  for  the  determina- 
tion of  magnitude. 

We  may  now  quote,  without  further  remark,  the  final  for- 
mula to  which  Dr.  Charlier  is  led,  which  gives  the  relation 
between  m  (star's  magnitude),  d  (diameter  of  star-image  on 
plate),  and  t  (exposure  time).    It  is 

(6)    .    .    .    .    m  =  i4  +  B  log  d  +  C  log  t 

In  the  particular  plates  in  question  the  constants  A,  B  and 
C  are 

il  =  +  17.2       B  =  —  6.75       C=  +  1.69 

Af  B  and  C  are  proved  to  be  constant  on  the  four  plates  in 
question ;  t  is  expressed  in  minutes. 

From  the  formula  (6)  the  photographic  magnitudes  of  52 
of  the  brighter  stars  in  the  Pleiades  werecomputed  and  com- 
pared with  the  photometric  magnitudes  of  the  same  stars  as 
determined  by  Dr.  Lindemann,  at  Pulkowa.    (Table  III.) 

The  mean  difference  between  the  photographic  and  photo- 
metric magnitudes  is  ±  0.22  mag.  The  differences  occur  0.6 
mag.  (twice),  0.5  (twice),  0.4  (four  times),  0.3  (twelve 
times), 0.2  (twelve  times),  0.1  (ten  times),  0.0  (seven  times). 
Two  stars  are  either  variable  or  red.  The  individual  results 
for  the  photographic  magnitudes  from  the  four  plates  agree 
well.  The  mean  difference  is  0.10  mag.  The  largest  differ- 
ence is  0.4  (occurring  twice). 

Dr.  Charlier  makes  the  important  remark  that  the  red 
stars,  etc.,  which  are  thus  discovered  in  the  group  of  the 
Pleiades,  are  very  suitable  for  a  determination  of  its  paral- 
lax, since  they  differ  in  spectral  type,  and  are  therefore  pre- 
sumably  not  members  of  the  group.  A  few  moments'  exam- 
ination with  a  small  spectroscope  will,  however,  be  a  surer 
indication  in  similar  cases. 

Section  III  of  the  memoir  is  devoted  to  a  comparison  of 
the  results  of  the  Stockholm  photographs  with  those  ob- 
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tained  by  Professor  Pickering,  at  Harvard  College,  and  by 
Dr.  Schciner,  at  Potsdam.  The  linear  formula  deduced  by 
the  latter  is  showa  to  be  inferior  to  the  logarithmic  fomi 
adopted  by  Dr.  Charlier;  and  in  Table  IX  it  is  shown  that 
the  systematic  differences  between  the  results  at  Harvard 
College  and  at  Stockholm  are  likely  to  be  due  to  constant 
errors  in  the  H.  C.  O.  results.  In  all  this  discussion,  as  has 
been  said,  the  effect  of  atmospheric  absorption  is  omitted, 
as  it  has  been  in  all  previous  publications  of  the  kind.  It  is 
of  considerable  amount,  however. 

Section  IV  of  the  memoir  is  chiefly  concerned  with  a  com- 
parison between  the  photometric  magnitudes  given  by  Wolf, 
of  Paris,  for  571  of  the  Pleiades  stars  and  the  photographic 
magnitudes  of  the  same  stars  derived  from  one  plate  (only) 
taken  at  Stockholm.  Twenty-eight  of  Wolfs  stars  do  not 
appear  on  this  plate;  en  revanche,  it  contains  more  than 
100  stars  not  in  Wolfs  catalogue.  In  passing,  we  may  re- 
mark that  the  single  Stockholm  plate  made  in  three  hours 
has  a  value  at  least  comparable  with  the  chart  of  M.  Wolf, 
which  was  the  result  of  many  months  of  labor.  It  is  worth 
while  to  remark  here  that  it  is  highly  desirable  for  the  . 
present  to  make  every  result  derived  by  photography  depends 
on  two  negatives  at  the  ver\'  least.  A  comparison  of  th< 
scales  of  Wolf  and  Charlier  closes  this  section  and  concludi 
the  important  work. 

We  may  now  say  that  the  present  memoir  and  that  c 
Professor  Schaeberle,  previously  cited,  have  fixed  the  fon 
under  which  discussions  of  this  character  must  be  made  i 
future.  For  every  telescope  a  relation  between  the  diametei 
of  a  star  image  and  the  corresponding  exposure  must  be  d 
duccd  in  the  form  d  =  <p  (log  (). 

The  constants  of  this  formula  will  van,-  with  the  apertttrql 
focus,  plate,  site,  and  with  the  spectral  type  of  the  star,  and 
will  probably  be  applicable  only  within  certain  limits  of  ab 
solute  brightness  and  within  certain  limits  of  exposure  time.! 

The  memoir  of  M.  Charlier  is  an  excellent  example  of  1 
method  of  discussion  which  must  be  adopted  to  determin 
this  function  for  all  cases  where  the  prime  object  is  to  ma] 
the  photographic  magnitudes  harmonize  as  nearly  as  possi 
ble  with  the  photometric.  The  real  fundamental  question  is, 
however,  Should  any  endeavor  be  made  to  harmonize  them  ? 
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I  proceed  to  discuss  this  point  a^  briefly  as  possible,  in  the 
light  of  our  present  knowledge,  since  it  is  the  most  impor- 
tant question  remaining  open  for  settlement. 

Establishment  of  the  Present  System  of  Visual  Magnitudes, 

Let  us  consider,  very  briefly,  the  history  of  the  introduc- 
tion of  the  present  system  of  visual  magnitudes.  The  main 
epochs  in  this  history  are  vcr^^  few.  The  first  is  that  of 
Ptolemy  (a.  d.  150,)  who  arbitrarily  assumed  the  brightest 
stars  to  be  of  the  lirst,  the  faintest  which  he  could  see,  to  l>c 
of  the  sixth  magnitude.  The  other  stars  were  divided  into 
classes  of  2d,  3d,  4th,  5th,  etc.,  magnitudes.  The  second 
great  event  in  this  history  is  the  publication  of  the  Urano- 
metria  Nova  bx'  Argelander,  in  1843.  He  adopted  the  gen- 
eral rules  laid  down  bv  Ptolcmv.and  followed  bv  Sufi,Tvcho 
and  Ba3'er.  The  brightest  stars  were  called  first  magnitude, 
the  faintest  visible  to  the  naked  eye  were  called  sixth  mag- 
nitude. Stars  of  the  classes  2,  3,  4,  5,  etc.,  were  interme- 
diate. B\'  Fechner*s  law,  it  necessarily  followed  that  equal 
differences  of  sensation  corresponded  to  cciual  ratios  of 
light  i^or  that  the  light  of  a  star  of  m^''  magnitude  must  be 
-^l-th  part  of  the  light  of  a  star  one  magnitude  Ijrighter 
(m — 1).  Measures  of  this  light  ratio  '*  show  its  numerical 
value  to  be  0.4  verA-  nearly,  omitting  all  C[Ucstions  of  small 
variations,  etc. 

The  Durchmusterungcn  of  Argelandcr,  Krucgcr,  Scliocn- 
feld  and  Thome  will  determine  the  visual  magnitude  of  every 
star  in  both  hemispheres  as  ])right  as  the  tenth  magnitude 
by  this  same  scale.  That  is,  if  the  ])rightness  of  a  star  of 
the  first  magnitude  is  unity,  the  brightness  of  a  star  of  the 
m^^'  magnitude  is 

(7) //„,    =:    ('^)'"-'    where  -   rr.   OA 

The  universal  practice  of  modern  observers  has  extended  this 
scale  from  the  tenth  down  to  tlie  sixteenth  or  seventeenth 
magnitude  (the  faintest  stars  now  visible  in  the  largest  tele- 
scopes). Thus  the  accidental  choice  of  the  sixth  magnitude 
as  the  limit  of  the  naked-eve  stars  bv  Ptoleniv  has  fixed  the 
light-ratio  and  the  practice  of  all  astronomers  with  regard 
to  visual  magnitudes  for  all  time  to  eonie.  It  is  to  be  noted 
that  if  Ptolem3''s  work  on  visual  magnitudes  were  to  be 
done   again   de   novo,  and    absolutely  indej^ndently,    the 
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method  chosen  would  he  essentially  the  followmg:  One 
standard  star  would  be  chosen  {Polaris  in  our  hemisphere). 
This  star  would  be  compared  with  a  selected  group  of  stnrs, 
and  the  fact  of  the  constancy  (or  the  law  of  the  variation) 
of  its  light  during  the  course  of  the  observations  would  be 
established.  Every  other  star  would  be  compared  with 
Polaris,  either  directly  or  indirectly,  and  its  relative  light  de- 
termined. Some  convenient  magnitude  would  be  arbitrarily 
assigned  to  Polaris,  and  some  convenient,  light-ratio  would 
be  arbitrarily  assumed.  The  magnitude  of  any  and  every 
star  would  then  be  deduced  from  the  measured  ratio  of  its 
brightness  to  that  of  Polaris  by  a  formula  like  our  (7)  in 
which  the  numerical  value  of  ^would  be  assigned  on  grounds 
of  convenience  alone.  It  is  very  Hkely  that  the  value  J  =  0.4 
would  be  again  chosen  because  the  tenth  part  of  a  magni- 
tude {easily  written  with  one  place  of  decimals),  thus  de- 
fined, is  about  the  limit  of  the  reception  of  the  most  highly 
trained  human  eye. 

Such,  I  conceive,  would  lie  the  process  adopted  if  the  whole 
question  of  visual  magnitudes  was  entirely  open,  and  if  a 
Congress  of  Astronomers  were  called  in  1890  to  decide  on 
the  proi>er  methods  to  be  followed  in  fixing  the  visual  mag- 
nitudes of  the  stars  anew  or  for  the  first  time.  The  process 
is  simple;  it  is  complete:  it  is  logical;  it  is  sufficiently  ac- 
curate for  all  conceivable  uses  to  which  visual  magnitudes 
are  to  be  put.  The  use  of  a  visual  magnitude  assigned  to  a 
star  is  chiefly  to  determine  its  brightness  at  one  epoch,  so 
that  observations  at  other  epochs  will  determine  whether 
there  have  or  have  not  been  changes  in  its  light,  It  is  from 
celestial  bodies  which  are  subject  to  change,  and  chiefly  from 
these,  that  we  can  hope  to  learn  anything  of  the  nature  of 
celestial  bodies  in  general.  A  secondary  convenience  in  bar- 
ing a  magnitude  assigned  to  a  star  is  to  aid  in  identilying, 
classiJying  and  describing  it. 

Establishment  of  a  System  for  Determining  Photographic 
Magnitudes. 
The  International  Congress  of  Astronomers  will  have  to 
decide  the  question  as  to  how  to  define  the  photographic 
magnitude  of  a  star.  They  will  soon  be  in  possession  of 
plates  on  which  millions  and  millions   of  stars  have  im- 
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pressed  themselves.  The  diameter  of  each  one  of  these  stars 
can  be  measured.  The  photographic  brightness  of  each  one 
of  these  stars  relative  to  the  photographic  brightness  of 
Polaris  (for  example)  can  be  readily  determined.  What 
magnitude  shall  be  assigned  to  one  of  these  stars?  Dr. 
Charlier's  answer  to  this  question  has  alread3'  been  given. 
He  would  assign  to  each  one  of  a  group  of  stars  a  photo- 
graphic magnitude,  deduced  on  the  principle  that  the  mean 
deviation  of  their  photographic  magnitudes  from  their  vis- 
ual magnitudes  should  be  as  small  as  possible.  If  the  same 
star  occurs  in  two  or  more  different  groups,  it  will  certainly 
have  different  magnitudes  assigned  to  it,  according  as  one  or 
the  other  set  of  standards  is  employed.  The  same  method 
has  been  followed  by  Mr.  Espin  and  by  the  Harvard  College 
Observatorj'  in- all  of  its  many  important  publications  on 
this  question,  notwithstanding  the  fact  that  (owing  to  the 
color  of  a  star)  the  photographic  and  visual  magnitudes  not 
infrequently  differ  by  at  least  two  whole  magnitudes.  That 
is,  if  the  visual  brightness  be  expressed  by  1.00,  the  photo- 
graphic brightness  of  the  same  star  may  be  no  more  than 
0.16,  or  onh'  one-sixth  part.  Such  anomalies  must,  in  the 
nature  of  things,  constantly  appear  for  a  considerable  per- 
centage of  the  stars.  A  tolerable  agreement  is  possible  for 
perhaps  eighty  per  cent  of  the  larger  stars,  and  even  here 
there  will  be  small  persistent  differences.  For  those  remain- 
ing, the  disagreement  will  be  more  or  less  marked,  according 
as  the  spectral  tyj^e  of  the  star  in  question  varies  more  or 
less  from  the  average  t\'pe.  The  reason  of  this  is  well 
known.  The  eye  is  sensitive  to  rays  which  fall  between  the 
Fraunhofer  lines  B  and  G  (approximately)  of  the  solar  spec- 
trum. The  maximum  brilliancy  to  the  eye  is  somewhere 
near  the  line  b.  The  photographic  plate  is  sensitive  to  rays 
falling  between  F  and  N  of  the  solar  spectrum  (approxi- 
mately). The  plates  now  in  use  are  sensitive  in  the  highest 
degree  to  rays  of  about  the  wave  length  of  the  line  G. 

Whenever  we  have  a  group  of  sa^"  500  stars,  whose 
spectra  are  nearh'  all  of  the  same  type  (as  the  Pleiades, 
for  example,)  we  can  measure  for  each  star  the  relative  en- 
ergy of  the  light  in  the  portion  of  its  spectrum  between  B 
and  G  (by  the  eye),  in  that  between  F  and  N  (b^"  the  photo- 
graphic plate),  and,  as  the  energy  is  distributed  according  to 
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the  same  law  in  the  spectrum  of  each  star  of  the  group ^  we 
can  determine  constants  of  reduction  which  will  make  the 
photographic  magnitudes  of  the  various  stars  agree  well 
with  their  visual  magnitudes.  If,  however,  two  hundred  of 
the  stars  are  very  red,  one  hundred  very  blue,  and  two  hun- 
dred of  the  ordinary  type,  it  is,  in  the  nature  of  things,  im- 
possible to  bring  the  photographic  and  the  visual  magni- 
tudes to  a  good  agreement.  The  very  red  stars  will  always 
appear  brighter  to  the  eye  than  tlicy  do  on  the  plate,  and  the 
very  blue  stars  will  always  appear  fainter  to  the  e3'e  than 
on  the  plate,  and  there  is  no  process  of  reduction  which  will 
smooth  awa}'  a  difference  in  their  magnitudes  which  is  in- 
herent in  their  nature.  If  there  were  such  a  process,  it 
would  be  most  unwise  to  employ  it.  When  I  see  that  a  star 
is  of  the  visual  magnitude  1  and  the  photographic  magni- 
tude 2.5,  I  at  once  learn  something  of  the  nature  of  this 
star's  spectrum,  and  so  in  like  cases. 

It  therefore  seems  to  be  a  rational  and  useful  plan  to  leave 
out  all  consideration  of  the  visual  magnitude  of  stars  in 
determining  their  photographic  magnitudes.  A  simple  and 
most  satisfactory'  method  of  procedure  would  be  to  assume 
Polaris  as  the  standard  star  of  the  whole  sky,  and  to  fix  its 
magnitude  (when  in  the  zenith  of  a  station  at  sea  level)  at 
2.00,  once  for  all:  to  select  a  set  of  sccondarv  standards, 
distributed  around  the  ccjuator,  and  to  determine  the 
brightness  of  each  one  of  these  stars  in  terms  of  that  of  Po- 
laris (a  proof  of  the  constancy-  of  the  light  of  Polaris  being 
thus  attained).  Important  groups  like  the  Pleiades,  etc., 
would  also  have  thoir  brightness  determined  in  terms  of 
that  of  the  standard.  The  brightness  of  the  principal  South- 
ern stars  should  also  be  fixed  in  tenns  of  Polaris  indirectlv 
through  the  Pleiades,  etc.  Alight  ratio  should  be  selected 
on  grounds  of  convenience  alone  and  the  ])hotographic  mag- 
nitude of  ever\'  star  should  be  determined  by  an  equation 
like  our  equation  (7)  in  terms  of  a  single  standard  star 
with  a  definite  light  ratio. 

If  this  program  were  to  be  followed,  we  should  simply 
have  to  add  to  our  star  catalogues  another  column  headed 
**  Photographic  Magnitude, ''  which  would  immediately  fol- 
low the  column  **  Visual  Magnitude."  The  agreement  or 
disagreement  of  the  two  numbers  would  tell  us  something  of 
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the  nature  of  the  spectrum  of  each  star.  In  order  to 
have  the  work  exact,  it  would  be  necessary  that  all  the 
stars  should  be  photographed  on  one  kind  of  plates,  as  is 
now  done  by  the  Harvard  College  Observatorv,  and  as  will 
be  done  b^"  the  International  Photographic  Congress.  The 
photographic  Southern  Durchmusterung  might  for  conven- 
ience have  its  magnitudes  expressed  in  visual  units,  though 
the  DM  of  the  Cordoba  Observatorv  will  make  this  un- 
necessar>',  and  will,  in  fact,  make  it  distinctly  to  the  advan- 
tage of  science  if  the  photographic  DM  is  made  entirely 
photographic.  The  International  map  of  two  million  stars 
to  the  eleventh  magnitude  should,  in  my  judgment,  give 
photographic  magnitudes  alone.  I  can  conceive  of  no  ad- 
vantage to  be  gained  by  determining  the  approximate 
visual  magnitudes  of  these  millions  of  stars  at  all  compar- 
able with  the  labor  involved.  In  anv  event,  it  would  seem 
that  the  photograi)hic  magnitudes  should  ])e  given  whether 
the  visual  magnitudes  arc  or  are  not. 

Such,  it  appears  to  me,  are  the  general  principles  which 
should  govern  in  the  determination  of  star  magnitudes  by 
photography.  I  have  set  them  forth  because  no  amount  of 
discussion  at  this  stage  can  be  called  superlluous.  After  the 
International  Congress  has  once  settled  its  methods  of  ])ro- 
cedure.  It  will  be  the  duty  of  all  cooperating  Observatories  to 
conform  to  the  spirit  and  to  the  letter  of  the  methods  finally 
adopted.  As  long  as  the\' are  not  3'ct  adopted  any  sugges- 
tions, however  simple,  cannot  fail  to  be  of  use. 

The  Lick  Observatory  is  endeavoring  to  make  a  modest 
contribution  to  the  general  subject  of  which  we  have  spoken. 
Professor  Schaeberle  has  made  observations  at  Mount  Ham- 
ilton (4209  feet  above  sea),  and  will  make  observations  at 
Ca\'enne.  South  America,  (nearly  at  sea  level),  to  determine 
the  photographic  atmospheric  absorption  at  zenith  dis- 
tances l)etween  0  and  70  or  75  .  He  has  already  com- 
pared the  Pleiades  and  other  stars  with  Polaris,  and  will 
compare  the  principal  southern  stars  with  the  Pleiades,  etc. 
In  this  way,  his  observations,  if  succL*ssful,  will  enable  us  to 
transfer  the  standards  of  the  Northern  Hemis]:)here  into  the 
Southern. 

The  immense  work  now  in  progress  in  both  hemispheres 
under  the  auspices  of  the  Harvard  College  Observatory  will 
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afford  material  for  a  thorough  discussion  of  the  whole  sub- 
ject. The  contributions  of  Dr.  Charlier  and  Professor  Schae- 
berle  have  established  the  final  form  under  which  special 
discussions  of  this  kind  must  be  made.  The  only  part  of  the 
subject  remaining  for  settlement  is  that  which  relates  to  the 
establishment  of  the  fundamental  principles  on  which  the 
final  methods  of  reductions  are  to  be  based.  I  have  endeav- 
ored, in  what  precedes,  to  set  forth  what  seems  to  me  to  be 
a  satisfactory  system,  at  once  simple  and  comprehensive. — 
From  advance  sheets  of  Publications  of  the  Astronomical 
Society  of  the  Pacific, 


ON    THE    LIMIT    OF    SOLAR    AND    STELLAR    LIGHT    IN     THE 
ULTRA-VIOLET  PART  OF  THE   SPECTRUM.* 


WILLIAM    HrGGINS.    D.  C.  L.,  LL.  D..  F.  R.  S. 


It  has  been  long  known  that  the  solar  spectrum  stops 
abruptly,  but  not  quite  suddenly,  at  the  ultra-violet  end, 
and  much  sooner  than  the  spectra  of  many  terrestrial 
sources  of  light.  The  observations  of  Cornu,  of  Hartley, 
and,  quite  recently,  of  Liveing  and  Dewar,  appear  to  show 
that  the  definite  absorption  to  which  the  very  rapid  extinc- 
tion of  the  solar  spectrum  is  due,  has  its  seat  in  the  earth's 
atmosphere,  and  not  in  that  of  the  sun;  and  that,  conse- 
quently, all  ex-terrestrial  light  should  be  cut  off  at  the  same 
place  in  the  spectrum. 

During  several  years  I  have  attempted  to  obtain  the  limit 
in  the  ultra-violet  for  stellar  light  here,  but  as  it  was  neces- 
sary to  make  use  of  a  bright  star  at  a  high  altitude,  and  at 
a  time  when  the  atmosphere  was  very  clear,  it  was  not  un- 
til S5eptember  20th,  1888,  that  I  was  able  to  obtain  a  result 
which  seemed  to  me  to  be  satisfactory. 

On  that  night  three  successive  photogra])hs  of  Vega,t  with 
increasing  exposures,  were  taken  on  the  same  plate.  The 
first  spectrum  was  exposed  for  10  minutes,  the  second  for  20 
minutes,  and  the  third  spectrum  nearly  four  times  as  long, 
namely,  for  70  minutes. 

A  comparison  of  the  extent  of  the  second  spectrum  due  to 
an    exposure  of  20  minutes  with  that  of  the  third    spec- 

•  Rend  before  the  Royal  Astronomtcwl  Society. 

t  We  are  worry  that  Our  eitRraver  is  unable' to  reproduce   the  fine  eng^avin^; 
that  should  acompany  this  article. — Ed 
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trum,  to  which  an  exposure  of  70  minutes  was  given,  leaves 
no  doubt  that  the  latter  spectrum  has  reached  the  limit  im- 
posed by  atmospheric  absorption,  and  has  not  stopped  in 
consequence  of  an  insufficient  exposure  of  the  plate. 

The  original  plate  has  been  enlarged  a])out  four  times ; 
and  a  spectrum  of  magnesium  and  calcium,  taken  with  the 
same  apparatus,  and  enlarged  simultaneously  with  the 
plate  of  stellar  spectra,  has  been  placed  above  to  serve  as  a 
scale. 

As  the  spectra  are  prismatic  it  is  not  possible  to  indicate 
the  wave-lengths  in  a  scale  of  equal  parts.  A  short  scale 
only  is  placed  over  the  spectrum  where  the  light  of  Vega 
ends. 

The  spectroscope  with  which  the  spectra  were  taken  is 
furnished  with  a  prism  of  Iceland  spar  and  lenses  of  rock 
crystal,  and  a  mirror  of  speculum  metal  was  used  to  con- 
dense the  light  of  Vega  upon  the  slit. 

It  will  be  seen  that  at  my  Observatory*  the  light  of  Vega 
at  about  /  3000  is  abruptly  weakened,  and  then  continues 
as  a  very  faint  line  to  the  point  of  apparent  extinction  at 
A  2970.  " 

Numerous  solar  spectra  taken  here  during  the  last  four 
years  with  the  same  spectroscope  show  an  average  abrupt 
weakening  at  about  /  3000,  and  an  apparent  total  extinc- 
tion at  about  ^  2985. 

On  two  occasions  only  the  very  faint  weakened  spectrum 
could  be  traced  as  far  as  /  2970. 

The  abrupt  narrowing  of  the  spectrum  at  the  end  towards 
the  red  is  produced  by  the  rapid  fallirig  off  of  sensitiveness 
of  the  silver  bromide  for  light  of  increasing  wave-length. 

The  increase  of  breadth  of  the  spectra  with  increase  of 
duration  of  exposure  is  due  to  the  same  causes,  optical  and 
photographic,  which  produce  the  increase  of  diameter  of 
stellar  disks  on  the  photograj)hic  phite  with  h)ngcr  ex- 
posures, when  a  reflector  is  used.  At  /;  the  breadths  of  the 
spectra,  having  20  minutes  and  70  minutes  exposure  respec- 
tiveh',  are  O.Ofi  inch  and  0.103  inch.t 

•  lilcvation  of  the  Ohvcrvntory  177  foct  ubcive  menu  sea  level,  Haronieier 
abont  3o.O'.}  inches  at  tlic  time  of  r>1)servniii>n. 

t  The  law  cif  increase  of  ttizc  of  iniUKe  witli  exposure  is  not  as  yet  aeciirately  de- 
fined. Bond  found  that  the  diameter  of  star-disks  varied  nearly  as  the  square  root 
of  the  time  of  exposure.  I*ritehard.  usiuK  a  relleetor,  found  a  law  near  the  fourth 
root;  and  Mr.  II.  H.  Turner  has  reeentlv  found  a  law  very  near  the  eube  root  for 
plates  taken  with  a  photohelio^raph  object  (;1ass  i' Astron.'  Soc.  Month.  Not.,'  vol 
49,  p.  202). 
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In  1879  Comu*  made  experiments  on  the  limit  of  the  sp)ec- 
trum  with  reference  to  the  altitude  of  the  place  of  observa- 
tion. On  the  Riffelberg,  at  an  elevation  of  8414  feet,  the 
spectrum  reached  to  /  2932,  while  at  the  lower  elevation  of 
Viege,  2163  feet,  the  spectrum  stopped  at  2954.  He  con- 
cludes that  the  absorption  is  due  to  the  gaseous  constitu- 
ents, and  not  to  aqueous  vapor  in  the  atmosphere. 

In  1881t  Hcartley  stated  that  an  amount  of  ozone  pro- 
portional to  the  average  quantity  in  a  vertical  column  of 
the  atmosphere,  caused  an  absorption  similar  to  that  ob- 
served in  the  solar  spectrum,  namch^  terminating  about 
/  2950. 

Quite  reccntW  Livcing  and  Dewar  have  made  some  im- 
portant experiments  on  the  absorption-spectrum  of  large 
masses  of  oxygen  under  pressure. $  The}'  state  that  with  a 
tube  165  cm.  long  and  a  pressure  of  85  atmos.,  oxygen  ap- 
peared to  be  quite  transparent  for  violet  and  ultra-violet 
rays  up  to  about  /  2745.  From  that  point  the  light  gradu- 
ally diminished,  and  beyond  >.  2664  appeared  to  be  wholly 
absorbed. 

In  some  later  experiments  with  a  steel  tube  18  metres  long 
and  a  i)ressure  of  90  atmos.,  oxygen  produced  complete  ab- 
sorption above  P,  /.  c,  /  3359.2. 

M.  Janssen,  from  his  observations  on  the  Alps,  concludes 
that  both  the  bands  which  follow  the  law  of  the  square  of 
the  densitv,  and  the  dark  lines  obeying  a  diflerent  law  of  in- 
formation, which  are  due  to  oxygen  in  the  solar  spectrum, 
are  produced  exclusively'  by  the  earth's  atmosphere — **  L'at- 
mospherc  solaire  n'intervient  pas  dans  le  i)hcnomene.*'§ 


THE  ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC— A  HANDSOME 

GIFT. 

A  meeting  of  the  Astronomical  Society-  of  the  Pacific  was 
held  November  30,  at  the  hall  of  the  Academy  of  Sciences, 
corner  of  Dupont  and  California  streets.  In  the  absence  of 
President  E.  S.  Holden,  William  M.  Pierson  occupied  the 
chair.    Ever^'  seat  in  the  large  hall  was  occupied.    The  fol- 

•  "Sur  TAbsorption  Atmospheriquc  dcs  Radiations  I'ltra-violcttes,"  'Joum.  de 
Physique,'  vol.  lO,  IMHI. 

*t  "On  th.*  Absorption  Spectrum  of  Ozone,  and  on  the  ab8on>tion  o<  solar  rays 
by  Atmospheric  Ozene."  *Chem.  Soc.  Journ..'  vol.  39.  IHSl.  pp.  57,  111-129. 

t  •  Chemical  News/  vol    58.  p.  163.  and    'Phil.  Mag.,*   September,  18M8,  pp. 
28fl— 'J9U. 

iS  'Comptcfl  Rendus,*  vol.  107,  p.  G77. 
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lowing  named   candidates    were   elected    members    of  the 
society : 

O.  C.  Hastings :  Charles  M.  Bakewell ;  Warren  Olney ;  Frank  James ;  Dr. 
J.  H.  C.  Bonte;  Hon.  Horace  Davis;  William  G.  Raymond;  James  R.  Rem- 
bcrton;  Ao^stus  F.  Kniulson;C.  D.  Pcrrine;  F.  B.  Roilolf;  Miss  Agnes 
Gierke,  of  London.  England ;  Garrett  P.  Scrviss,  Brooklyn,  X.  Y. ;  Miss  C. 
W.  Bruce,  N.  Y.  City;  John  Gamble;  Charles  S.  Aikin;  Charles  F.  Hart:  J. 
J.  Herr;  Whitney  Herr;  John  H.  Yoell;  N.  E.  Beckwith;  J.  E.  Richards; 
Irving  M.  Scott;  W«irren  B.  E.  West;  Martha  McColcman  Ewer. 

The  principal  paper  of  the  evening  was  read  b\'  E.  E.  Bar- 
nard, Lick  Obsen^atorA',  on  some  photographs  of  the  Milk3'- 
Waj*  and  other  celestial  objects,  that  he  had  made  with  a 
large  potrait  lens  of  six  inches  aperture  and  thirty-one 
inches  focus,  strapi>cd  to  the  tube  of  the  six  and  one-half  inch 
equatorial  of  the  Lick  Observatory,  the  clock-work  of  the  in- 
strument being  controlled  by  hand,  with  the  slow  motion 
rods  at  the  eye-end.  A  star  was  kept  bisected  by  the  cross 
wires  in  a  high  power  eye-piece  on  the  telescope  itself  The 
additional  weight  of  the  camera  made  it  necessary  constant- 
ly to  correct  the  clock  throughout  the  exposures.  With  this 
instrument  a  negative  of  the  Pleiades  was  made  August  23, 
of  this  3'ear,  with  an  exposure  of  1/?  IT^w.  This  showed  the 
Merope  nebula  cons])icuously,  the  shaq)  prong  of  ncbu- 
lositv  from  Electra,  and  some  of  the  nebulositv  about  Maia 
ani  Alc\'one.  A  negative  of  the  Milky-Way  (right  ascen- 
sion, 17/?  57m,  declination  south  18  .0),  was  made  Juh'  28, 
with  an  exposure  of  2h  3orn ;  another  in  the  region  about 
M  11  on  August  2,  with  exposure  2/;  45/77,  and  another  of 
the  Milky- W'ay  (right  ascension  17/2  50/7J,  declination, 
south  28  ),  August  1,  with  an  exposure  of  3/;  7/27,  and  a 
negative  of  the  great  nebula  of  Andromeda,  August  20,  with 
4/i  18/22  exposure.  The  paper  was  illustrated  by  lantern 
slides  from  these  ]ilates  projected  on  a  large  screen  by  the 
aid  of  oxy-hydrogen  light.  The  nebulosity  of  the  Pleiades 
was  very  conspicuous,  and  the  beautiful  cloud  forms  of  the 
Milkv-Wav,  with  the  mvriads  of  stars  that  thev  were  parti  v 
resolved  into  were  strikingly  fine.  The  slide  of  the  great 
nebula  of  Andromeda,  when  first  projected  on  the  screen,  had 
a  mask  over  it,  with  a  small  hole,  representing  (to  scale)  the 
largest  field  of  the  great  telescope  on  Mount  Hamilton. 
This  was  moved  about  over  the  slide  showing  successive 
fields  of  view,  upon  and  around  the  great  nebula,  indicating 
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\Yhat  could  be  seen  at  once  in  the  great  telescope ;  the  mask 
was  then  suddenly  removed  and  the  entire  nebula,  sus- 
pended amidst  countless  stars,  flashed  into  view.  The  con- 
trast between  the  limited  space  representing  the  field  of  the 
great  telescope  and  the  sky  as  shown  b\^  the  photographic 
lens  was  jistonishing  in  the  extreme.  This  slide  shows  the 
great  rings  of  nebulosity  that  were  first  proved  to  exist  by 
Mr.  Roberts,  of  England.  B3'  carefulh'  counting  areas,  Mr. 
Barnard  estimated  that  on  the  original  plate  (8  X  10  inches) 
there  were  distinctlv  visible  no  less  than  sixtv-four  thousand 
stars.  This  entire  plate  had  been  reduced  to  a  lantern  slide 
which,  upon  the  screen,  brought  out  peculiarities  in  the 
arrangements  of  the  stars  that  were  not  even  suspected  in 
the  original  plate.  On  all  these  plates  the  star  images  were 
perfectly  round. 

Mr.  A.  O.  Leuschner  also  read  a  paper  on  the  orbit  of 
Swift's  comet  which  he  had  computed  from  observations  by 
Mr.  Barnard  at  the  Lick  Observatory  Nov.  20,  21,  and  22. 
He  called  attention  to  the  small  inclination,  and  to  the 
small  perihelion  distance  which  were  suggestive  of  period- 
icity. 

Elements  of  the  comet  of  Swift  (Nov,  16,  1889)  by  A,  O. 

Leuschner  : 

T  =  1889  Dec.  11.8493 
M  =  306°  25' 
io  =  116    24 
/=        6    47 
log  q  =  0.0633 
q  =  1.1568 
o  —  c 
''/  cos  ,^  =  +  V.2 
'V  =  ±  O'.O 

A  pa])er  was  read  by  Mr.  A.  O.  Leuschner  **0n  the  Deter- 
mination of  the  Relation  between  the  Exposure  Time  and 
the  Consequent  Blackening  of  the  Photographic  Film." 
This  paper  dealt  with  the  investigation  of  a  plate  upon 
which  a  number  of  standard  squares  had  been  impressed 
with  the  standard  lamp  of  the  Lick  Observatory.  These 
squares  had  been  given  exposures  of  Is,  2^,  4s,  8s,  .  .  .  128s. 
These  squares  were  then  compared  with  each  other  and  with 
a  standard  square  b\'  means  of  the  wheel  photometer  of  the 
Lick  Observatory.  Every  precaution  was  taken  to  eliminate 
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errors  of  observation  in  the  comparisons.  An  extended 
series  of  observations  showed  that  the  density  was  propor- 
tional to  the  time  only  between  the  exposures  from  2s  to  8s, 
and  with  an  approximation  up  to  64?s;  beyond  this  the 
density  was  not  proportional  to  the  time.  Mr.  I-reuschner 
also  found  that  squares  of  the  same  exposure  time  on  differ- 
ent parts  of  the  same  plate  were  not  equal  in  density-,  due, 
doubtless  to  the  unequal  distribution  of  the  emulsion  on  the 
plate,  and  therefore  the  above  results  were  derived  from 
comparisons  with  the  deduced  mean  of  four  squares  in  each 
case. 

After  the  papers  were  read,  the  chairman  surprised  the  so- 
ciety by  stating  an  offer  from  one  of  the  members,  Alexander 
Montgomery,  Esq.,  of  a  present  of  $2,500.  The  donation 
may  be  used  by  the  society  for  any  purpose,  and  it  has  been 
suggested  that  it  be  used  for  establishing  a  gold  medal  to  be 
given  annually  for  the  best  pai>er  on  astronomy  to  be  read 
before  the  society.  Mr.  Montgomery  was  accorded  the 
heartv  thanks  of  the  societv. 

Including  the  members  elected  at  this  meeting,  the  society 
has  now  171  active  and  life  members.  Its  financial  con- 
dition is  also  very  satisfactory. 


NEWS  FROM  THE  NEBULA. 


PROFESSOR  C.    A.    YOUNG. 


On  looking  over  an  article  on  the  nebulai  which  I  wrote 
for  the  Boston  Journal  of  Chemistry  in  1873,  I  find  nothing 
to  change,  although  there  is  now  something  to  add.  In  the 
first  place,  several  hundred  new  nebulae  have  been  discovered 
within  the  sixteen  years,  so  that  the  total  number  known  is 
at  present  well  above  8,000.  The  new  ones  are,  of  course, 
for  the  most  part,  extremely  faint,  and  some  of  the  most  in- 
teresting of  them  arc  quite  invisible,  even  in  the  largest  tele- 
scopes,— /.  e. ,  the  eye  cannot  detect  them :  but  they  impress 
themselves  upon  the  photographic  plate,  and  so  come  to  our 
knowledge.  For  instance,  within  a  small  area  of  about  ten 
square  degrees,  in  and  near  the  constellation  of  Orion,  Pro- 
fessor Pickering  has  found  upon  his  star-plates  twelve  new 
nebulae,  where  eighteen  were  catalogued  before ;  and  in  the 
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cluster  of  the  Pleiades,  where  a  single  faint  nebula  was 
known  in  1873,  the  photographs  show  wisps  of  nebula  at- 
tached to  nearh'  all  the  larger  stars,  with  a  considerable 
number  of  smaller  nebulae  that  are  isolated. 

When  one  looks  through  a  telescope,  very  little  is  gained 
by  prolonging  the  gaze,  but  upon  the  photographic  plate 
the  action  of  light  accumulates  with  the  time.  By  merel\' 
lengthening  the  exposure  (in  some  cases  for  several  hours) 
an  eight-inch  glass  can  be  made  to  bring  out  objects  which 
the  eye  cannot  reach  even  with  an  eighteen-inch  instrument. 

The  gain  from  photography  is  by  no  means  onh\  or  even 
chiefly,  in  the  number  of  new  objects ;  still  more  important 
are  the  new  features  which  the  photograph  reveals  in  certain 
familiar  objects  which,  after  long  study  in  the  old-fashioned 
way,  were  supposed  to  be  fairly  known. 

The  first  photograph  of  a  nebula  was  madeb}'  Dr.  Henr\' 
Draper  of  New  York,  in  September,  1880.  His  very  first 
picture  (of  the  nebula  of  Orion)  was  by  no  means  poor:  but 
he  soon  surpassed  it,  and  in  Alarch,  1882  a  few  months 
before  his  untimeh^  death,  he  produced  one  which  is  not 
much  inferior  to  the  best  we  now  have.  Within  the  last  two 
or  three  years,  Common  and  Roberts  in  England,  and  Von 
Gothard  in  Hungary,  have  specially  distinguished  them- 
selves in  this  line  of  work.  The  photographs  of  the  nebula 
of  Orion  which  Mr.  Common  has  alread^^  made  with  his 
three  foot  reflector,  are  simply  magnificent,  and  it  is  to  be 
expected  that  with  his  new  five-foot  instrument,  now  just 
beginning  its  serious  work,  still  more  remarkable  results 
will  be  attained. 

Mr.  Roberts'  photograph  of  the  nebula  of  Andromeda*  is 
not  only  admirable  as  a  ])icture,  but  it  has  brought  out  cer- 
tain new  and  most  interesting  facts,  which  throw  a  flood  of 
light  upon  the  structure  and  nature  of  the  wonderful  object. 
Years  ago,  Mr.  Bond,  of  Cambridge,  discovered  in  this 
nebula  two  narrow  dark  streaks,  or  **  lanes,  *'  nearly 
straight  and  paralled  to  its  length, — for  the  form  of  the 
nebula  is  that  of  an  elongated  and  pretty  regular  oval, 
much  brighter  at  the  centre.  In  the  new  photograph,  these 
*Manes"  are  seen  to  be  merely  the  more  conspicuous  portions 
of  two  narrow,  oval,  dark  streaks,  or  channels,  which 
entirely  surroimd  the  central  mass,  and  irresistibly  suggest 

*  See  frontispiece  copied  from  "Himtnel  und  Erdc." 


Xews  from  the  Nebulse,  29 

structure  like  that  of  Saturn  encircled  In'  his  rings — an 
almost  perfect  exemplification  of  Laplace's  nebular  hy- 
pothesis. One  eminent  astronomer,  indeed,  has  gone  so  far 
as  to  suggest  that  the  two  small  companion  nebulae,  which 
He  one  on  each  side  of  the  main  nebula  and  outside  the  lanes, 
are  reall3'  two  half-finished  planets.  It  is  worth  noting 
that  the  photograph  shows  no  trace  of  the  **new  star*' 
which  in  1885  so  suddenly  appeared  in  this  nebula,  near  its 
nucleus,  and  then  slowlv  faded  awav.  The  fact  that  the  star 
is  not  visible  upon  the  plate  does  not,  however,  demonstrate 
its  absence;  its  invisibility  may  be  due  simply  to  the  fact 
that  the  region  of  the  nebula  in  which  the  star  is  situated  is 
so  bright,  that  the  long  exposure  nccessar\'  to  bring  out  the 
fainter  details  has  greatly  overdone  this  portion  of  the 
plate. 

One  of  the  most  serious  objections  to  astronomical  photog- 
raphy lies  precisely  here:  the  retina  p(/ssesscs  a  far  greater 
range  of  sensibility  than  the  ])latc.  When  wc  look  at  a  neb- 
ula, we  can  see  at  the  same  time  its  brighter  and  its  fainter 
regions,  as  well  as  the  glittering  stars  which  here  and  there 
arc  scattered  through  it.  The  highest  beauty  of  the  nebula 
of  Orion,  for  instance,  lies  in  the  contrasts  and  gradations 
between  the  splendid  stars  of  the  **  trapezium, '*  the  curdled 
clouds  of  greenish  light  which  envelope  them,  and  the  im- 
pressive blackness  of  the  '*fish  mouth.  "  In  the  best  photo- 
graphs of  this  nebula,  the  stars  arc  mere  blotches,  and  the 
contrasted  darkness  of  the  telescopic  background  is  replaced 
by  a  tangle  of  faint  nebulous  wis])s,  which,  though  in  them- 
selves curious  and  interesting,  none  tlie  less  obscure  and  be- 
fog the  familiar  outlines. 

The  photographs  produced  by  Von  (jothanl  (of  Hcrcny  in 
Hungary-),  about  two  years  ago,  liavc  excited  much  inter- 
est, because  they  were  made  with  a  silvcr-on-glass  rcllcctor 
of  only  ten  inches  aperture.  Tliougli  the  pictures  are  almost 
microscopic  in  size, — only  a  few  niillinielres  in  (Hanietcr, — 
they  show  many  things  that  before  had  been  clearly  seen 
onl\'  with  the  largest  telescopes;  and  they  not  (mly  show 
them,  but  bring  them  out  with  increased  emphasis  and 
clearness.  The  so-called  **  whirlpool  nebula'*  is  an  example. 
The  photograph  does  not  exhibit,  to  l)e  sure,  such  a  series 
of  regular  spirals,  nor  such  a  blaze  of  light,  as   the  well- 
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known  drawing  of  Lord  Rosse   (wliicli,  however,  lays  no 
claim  to  minute  accuracy);   but  on  the  little  photograph 
every  real  wisp  of  nebula  appears  in  its  true  place,  and  there  | 
are   numerous  "knots,"  not  shown  in  the  old    rirawingj 
where   the  nebulous    matter  seems    to   be   gathering  intoT 
globes,  besides  many  streams  of  minute  stars  which  stand  iri 
e^-ident  relation    to  neighboring    filaments  of  the    nebula.l 
These  stellar  streams  form  a  marked  feature  in  nearly  all  th^ 
photographs  of  the  more  brilliant  nebulse.     They  appear  tO; 
be  formed  by  the  collection  of  the  nebulous  matter  into  i; 
lated  masses  that  are  denser  and  more  luminous  than  thoj 
rest.     Whether  this  view  is  correct  or  not,  the  star  streamij 
are  certainly  significant. 

Mr.  Huggins'  recent  photographs  of  the  spectrum  of  thd 
nebula  of  Orion  indicate  the  same  thing  in  a  different  way» 
In  one  of  his  observations  the  sHtofthe  instrument  \ 
adjusted  that  the  image  of  one  of  the  stars  of  the  "  t 
ium"  fell  upon  it.     As  a  result,   the  spectrum,  as  photo, 
graphed,  showed  several  groups  of  bright  lines,  which  c 
the  star-spectrum  and  extend  out  into  the  nebula-spectruai 
on  each   side.     This  is  just    what  should    happen  if  thes 
"stars"  in  the  nebula  are  balls  of  the  nebulous  matter  con- 
densed to  a  certain  degree,  but   not  (juite  to  the  state  oij 
ordinary    stars,    which     show    no   bright    lines     in    thein 
spectrum. 

As  our  readers  doubtless  remember,  Mr.  Huggins  was  thd 
first  to  observe  visually  the  spectrum  of  a  nebula  (in  1864)  J 
and  the  first  to  get  a  photographic  impression  of  such  i 
spectrum   (in  1881).      His    latest    observations   have  1 
\'isual  as  well  as  photographic,  and  have  been  made  special^ 
ly  to  test  Mr.  Lockyer's  attempted  explanation  of  the  0 
of  the  principal  bright  lines  in  the  nebula-spectrum, 
brightest  of  these  lines,   when  first  discovered,   was  for  i 
time,  attributed  to  nitrogen;  but  it  soon  appeared  that  thiaj 
identification  is  untenable.      The  principal  lines  of  hydrogi 
arc  unquestionably  present,  but  this  bright  green  fine,  v 
is  far  more  conspicuous  than  any  of  the  others,  has  thus  fai 
remained  a  mystery.    Very  recently,  Mr.  Lockyer,  in  connec 
tioH  with  his  "meteoric  hypothesis,"  (in  which  he  attempt! 
to  explain  most  of  the  phenomena  of  the  heavenly  bodict 
by  the  assumption  that  they  are  all  mere  swarms  of  sucbj 
meteoric  stones  as  fall  upon  the  earth  now  and  then),  hai 
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maintained  that  this  line  in  the  S])ectrum  of  the  nebula  is 
simply  the  remnant  of  one  of  the  bands  in  the  spectrum  of 
magnesium — a  metal  which  is  commonly  found  in  aerolites. 
The  elaborate  investigation  of  Dr.  and  Mrs.  Huggins,  who 
worked  together  in  the  observations,  is  conclusive  in  prov- 
ing that  this  is  an  error;  the  myster\'  remains  unsolved. 

We  must  not  close  our  sketch  of  recent  progress  without 
referring  to  Professor  Holden's  telescopic  observations  at 
the  Lick  Observator\'.  In  the  case  of  the  numerous  nebulae 
which  are  not,  like  the  majority-,  mere  oval  balls  of  shining 
cloud,  but  are  irregular  in  form,  and  composed  of  numerous 
filaments  surrounded  by  an  envelope  of  fainter  light,  he  finds 
that  the  apparent  shape  of  the  filament  which  forms  the 
core  of  the  structure  can  be  explained  by  supposing  it  to  be 
in  reality  a  sort  of  "helicoid"  or  cork-screw  spiral,  seen 
under  a  special  angle.  A  wire  bent  into  such  a  helicoid,  and 
looked  at  from  different  points  of  view,  presents  a  great 
variety  of  outlines,  which  very  accuratel3'  represent  the 
otherwise  inexplicable  forms  of  these  irregular  nebulae. 

As  is  obvious  from  what  has  been  said,  the  main  conclu- 
sions which  had  been  arrived  at  sixteen  years  ago  are  all 
confirmed.  It  is  clearer  than  ever  that  the  nebulae  are  not 
**  distant  galaxies  "  far  beyond  the  stars.  They  are  not  clus- 
ters of  full-sized  stars,  which  appear  nebulous  only  because 
of  their  inconceivable  remoteness,  but  Xhty  are  clouds,  and 
their  luminosity  is  due  to  shining  gases,  among  which 
hydrogen  is  present,  though  the  gas  which  furnishes  the 
brightest  light  remains  still  unknown.  Moreover,  these 
clouds,  whatever  else  they  may  contain  besides  the  luminous 
gases,  are  somehow  kindred  to  the  stars,  and  associated 
with  them  in  such  a  way  as  to  suggest  almost  irresistiblv" 
that  the  nebula  is  the  material  out  of  which  stars  are  made. 

The  question  of  their  permanence  remains  unsettled.  It  is 
altogether  probable  that  processes  are  going  on  within  them 
which  slowly  alter  their  conditions,  but  time  alone  can 
determine  the  rate  and  nature  of  such  changes ;  the  evidence, 
as  vet,  is  indecisive. — Popular  Science  News, 

Princeton,  N.  J. ,  Oct.  31, 1889. 


SCIENCE  AT  THE  EIFFEL  TOWER. 


The  great  tower,  1,000  feet  high,  proves  to  have  been  one 
of  the  most  successful  features  of  the  Paris  Exposition.  The 
whole  of  the  money  paid  out  for  its  erection  has  been  re- 
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turned  to  the  share-holders,  and  the  directors  have  in  hand 
a  clear  surplus  of  about  $300,000  after  paying  all  the  costs 
attending  its  exhibition.  As  a  mere  curiosity  it  will  prob- 
ably pay  current  expenses  for  many  3'ears  to  come,  and  be  a 
boon  to  the  poor  of  the  citjs  as  one-tenth  part  of  the  re- 
ceipts are  turned  over  to  the  poor  fund.    Now  it  is  looming 

up  as  a  valuable  aid  to  scientific  investigation,  with  a  possi- 
bility that  its  contributions  in  that  direction  will  compare 
favorably  with  its  pecuniary  success.  A  series  of  meteoro- 
logical observations,  extended  through  a  period  of  101 
da\'^s,  shows  that  the  velocity  of  the  wind  averages  fully 
three  times  as  great  at  the  top  of  the  tower  as  at  a  station 
situated  1,650  feet  awa^^  and  69  feet  above  the  level  of  its 
base.  No  great  storm  occuiTcd  during  the  period  of  obser- 
vation, so  that  the  maximum  movement  is  not  yet  ascer- 
tained, but  it  is  found  that  at  the  top  there  is  always  a  fairh' 
strong  breeze,  the  average  daily  velocity  of  which  is  23  to 
33  feet  per  second.  It  may  be  inferred  from  this  that  the  air 
at  a  great  distance  above  the  surface  of  the  earth  is  continu- 
ally in  rapid  motion,  and  that  the  stillness  often  experienced 
lower  down  is  due  to  friction  of  the  air  waves  against  land 
or  water,  which  has  always  a  retarding  effect.  The  in- 
fluence of  these  superior  movements  in  diffusing  and  dis- 
tributing noxious  gases  and  vapors  that  have  more  gradu- 
ally ascended  from  the  surface  must  be  of  inestimable  value, 
as  undoubtedly  to  it  is  due  the  comparative  freedom  of  man 
from  contagion  in  spite  of  his  general  disregard  of  sanitar\'' 
conditions  to  an  extent  which  would  otherwise  be  suicidal. 
It  is  also  legitimate  to  infer  that  this  air  movement  is  a  pro- 
tection Hgainst  injury  from  without  by  scattering  and  thus 
rendering  innocuous  the  many  masses  of  gaseous  and  me- 
teoric matter  which  the  scientists  tell  us  enter  the  earth's 
atmosphere  each  year  from  the  regions  of  inter-planetary 
space. 

The  anemometer  is  far  from  being  the  only  Instrument 
that  has  been  made  to  take  observations  at  the  top  of  the 
Eiffel  Tower.  Automatic  registers  of  varying  electrical  in- 
tensity arc  already  being  compared,  with  the  promise  of  val- 
uable results,  and  the  spectroscope  has  told  something  of 
the  difl'ercnce  in  the  apparent  cjuality  of  the  solar  light, 
which  is  caused  by  the  passage  through  those  atmospheric 
strata,  that  are  laden  with  dust  and  water  vapor  taken  up 
from  the  surface.  It  is  probable  that  even  more  attention 
will  be  paid  to  these  and  kindred  researches  now  that  the 
rush  of  Exposition  visitors  is  over,  and  it  is  not  too  much  to 
hope  that  the  consequence  will  be  a  material  extension  of 
our  knowledge  of  the  physics  of  our  own  globe,  and  perhaps 
of  those  of  some  other  worlds. — Chicago  Tribune  (Dec.  18, 
1889). 
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CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  will  be  at  greatest  elongation  east  from  the  sun,  18°  51%  on 
the  erenix^  of  Jan.  13,  setting  then  an  hour  and  thirty-three  minutes  later 
than  the  smi.  For  a  few  days  it  will  be  visible  to  the  naked  eye  after  sun- 
set, near  the  southwest  point  of  the  horizon.  There  are  no  bright  stars  in 
that  part  of  the  sky,  so  that  if,  between  5  and  6  p.  M.  from  Jan.  10  to  16, 
one  sees  a  bright  star  near  the  southwest  horizon  he  may  be  pretty  sure 
that  it  18  the  planet  Mercury.  Later  in  the  month  Mercury  will  recede  to- 
'wards  the  sun,  coming  to  inferior  conjunction  Jan.  29,  and  toward  the  mid- 
dle of  Febmaiy  win  become  visible  in  the  morning. 

Venus  is  "morning  star,"  but  not  in  favorable  position  for  observation. 
She  is  passing  around  the  sun  and  will  be  at  superior  conjunction  Feb.  18. 

Afars  is  coming  into  better  position  for  morning  observation.  He 
peases,  this  month,  out  of  the  constellation  Virgo  into  Libra,  the  Balance. 
Jan.  24  Mars  will  be  1^  north  of  the  bright  star  Alpha  Libree,  and  a  little 
later  will  be  in  Une  with  Alpha  and  Beta  between  the  two.  Mars  will  be 
the  brightest  of  the  three  objects  and  may  also  be  distinguished  by  his 
ruddy  color.  Mars  will  be  at  quadrature,  /.  e.  90°  from  the  sun,  Feb.  9. 
He  is  approaching  the  earth  rapidly,  and  at  the  coming  opposition,  June  4, 
"Will  be  nearer  than  he  has  been  since  1879.  Every  opportunity  should  be 
atilized  to  study  the  "canals,"  and  this  study  should  be  begun  as  early  as 
possible,  in  order  to  detect  possible  changes  with  the  seasons  of  Mars.  In 
the  December  number  oi  U Astronomic  Ferdinand  Meiscl,  an  astronomer  at 
Halk,  attempts  to  explain  the  daplication  of  the  canals  as  nn  optical  phe- 
nomenon. He  regards  the  canals  as  possibly  actual  wide  water  courses, 
over  which  transparent  vapors  accumulate  in  the  form  of  cylindrical  or 
semi-cylindrical  lenses,  refracting  the  rays  which  come  to  us,  so  that  under 
certain  conditions  one,  two,  and  even  three  separate  images  of  the  same 
canal  may  reach  the  earth. 

Jupiter  win  be  in  conjunction  with  the  sun  Jan.  9,  so  that  no  observa- 
tions can  be  obtained  this  month.  At  the  last  meeting  of  the  Royal  Astro- 
nomical Society  considerable  time  was  occupied  in  discussing  obscr\'ations 
of  the  dark  shadow  upon  Jupiter  at  the  time  of  its  occultation  by  the  moon 
Aug.  7  last.  Opinion  seemed  to  be  about  equall3'  di\'ided  as  to  the  cause  of 
the  shadow,  some  regarding  it  as  the  effect  of  contrast  between  the  bright 
edge  of  the  moon  and  the  fainter  light  of  Jupiter's  disk,  others  liclieving  it 
to  be  due  to  the  secondary  spectrum  fringe  around  the  image  of  the  moon. 
In  this  connection  Mr.  E.  L.  Trouvclot  publishes  in  V Astronomic  for  Decem- 
ber, 1889,  an  observation  made  by  himself  Aug.  6, 1876,  of  an  occultation 
of  Saturn  by  the  moon,  which,  as  he  says,  "does  not  in  any  way  confirm 
the  phenomenon  of  the  dark  vaporous  line  extending  along  the  edge  of  the 
moon,  noticed  by  several  obsen'ers  during  the  last  occultation  of  Jupiter.*' 

Saturn  is  moving  slowly  through  Leo,  which  constellation  may  be  seen 
in  the  east  in  the  evening.  Saturn  is  the  bright  ^-ellow  star  with  steady 
Kght  just  below  the  familiar  group  of  the  Sickle,  quite  near  to  the  first 
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magiiitDde  atar  Regiilus.  In  the  June,  1880,  niunber  of  the  Moatblx  .Vo(- 
iecs,  pngc  427,  Mr.  A.  Marth  called  nttenlion  to  an  occultatioii  orthe  sa 
lit«  Japttus  by  the  rings  and  globe  of  Saturn,  beginning  Nov.  1 ,  9Ab.  I 
ending  Nov.  2.  *.7A  Greenwich  mean  time.  In  Cielet  Terre,  Nov.  Ifi,  1880, 
page  +32,  Dr.  Terbe  gives  the  following  observations ; 

"Equatorial  of  8  Inclica  by  Grubb;  magnifying  |jower,  132. 

"  Nov.  1.  3fi  36ni  to  5h  03m  a.  m.  ;  image  bad,  agitated.   Japetus  taper- 
Tcctly  risible;  I  see  also  Titan,  Kbca.  and  Dione;   but  1  can  not  diwi; 
Tethys. 

"Nov.  2  the  stale  of  the  sky  prevented  observation  before  5A  59ai  a. 
from  5A  59m  to  fiA  24ui  sky  splendid;  image  of  irrqiroachabic  sharpim*; 
1  see  constantly  Titan,  Rhea,  Dionc  and  Tethys;  I  cannot  discern  the  least 
trace  of  Japetus. 

■'  Not,  3,  *J!i  2ini  to  4^  33in  a.  m.;  image  had ;  clouds  interrupt  fortbef 
observations.  1  sec  Titan. /npetus,  Rhea,  Tethys  and  Dione:  these  Inst  four 
satellites  are  very  near  to  Saturn,  Japetus  and  Rhea  below  the  west  ansi 
the  rings;  Tethya  and  Dione  near  the  point  of  the  cast  ansa." 

Uranus  will  be  in  quadrature  with  the  sun  Jan.  16,  and  is  in  favoralile 
position  foi-  observation  in  the  morning.  He  may  be  found  in  the  conatd- 
lation  Virgo  aljont  half  way  between  Spica  and  the  fourth  magnitude  si 
Kappa.  Then:  are  several  stars  of  about  the  same  brightness  in  1 
vicinity,  but  with  a  telescope  Uranus  may  be  distinguished  from  the  Rt4ra 
by  his  disk  and  dull  green  color. 

Neptune  may  be  observed  during  the  whole  night.  He  will  be  in  con- 
junction with  the  moon  Jan.  29,  at  noon.  At  8  o'clock  p.  ii.,  on  that  date, 
be  will  be  about  i°  or  8  diameters  of  the  moon  directly  west  of  the  latter. 

Planetoids.  We  have  been  requested  to  give  occasioaUly  the  iH&ces  of 
the  brighter  planetoids.  We  shall  be  glad  to  comply  with  the  request. 
During  the  coming  month  none  of  the  bright  planetoids  will  be  in  pomtion 
for  observation. 

Sunspots  have  not  been  so  numerous  during  the  past  three  montlis  tls 
during  the  summer.  On  Dec.  20.  however,  two  groups  of  spots  and  a  larjp: 
fn^up  of  brilliant  faculic  were  observed  at  Northfield.  At  the  last  meeting 
of  the  Boynl  Astronomical  Society  (Obserratorr  Vol.  XII,  p.  i'25),  Fatbcr 
Perry,  of  Stonyhurst  College  Observatory,  England,  read  a  "  Note  on  Solar 
Spots. "  "  He  said  be  thought  he  might  as  well  call  attention  to  the  qiou 
in  the  southern  hemiaphcre  which  had  been  ohBcrvcd  a  long  way  from  the 
eciu.itor.  They  al!  knew  that  as  the  minimum  of  sunspots  was  coming 
(in  u  certain  numlxT  ol  spots  showed  themselves  in  high  latitudes.  At 
present  the  sjiotS  were  entirely  confined  to  the  southern  hemisphere,  and 
ut  the  end  of  last  year  one  spot  was  seen  in  high  southern  latitutles.  and 
they  were  at  present  increasing. 

"On  June  5th  there  was  one  in  29°  south  latitude.  On  30  June  there 
was  a  remarkable  spot  in  40^  south  latitude.  They  were  seldom  seel 
jar  from  the  cTinator  as  tliat.  That  spot  was  observed  in  America,  and  be 
dared  say  it  was  observed  at  Greenwich,  Imt  tie  had  only  heard  of  it  being 
observed  at  Stonyhurst  and  in  .\merica.  On  Aug.  2d  there  was  a  group 
of  spots  and  another  on  Sept.  7th,  but  tlwy  were  not  in  very  high  latitude; 
they  were  only  21°.3  and  22°;  on  Oct.  8th  28Vii°.  and  Oct.  lOlh  25";  to 
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that  the  nrnnber  of  spots  was  increasing  in  these  high  latitudes ;  and 
though  be  thought  the  minimum  might  not  yet  have  arrived,  because  these 
spots  generally  showed  themselves  before  the  minimum,  he  thought  they 
conld  not  be  fer  from  it.  The  one  at  40°  was  among  the  brightest  on 
record.  He  did  not  think  they  could  conclude  that  though  those  remark- 
aUe  ones  did  follow  the  minimum  there  was  such  a  variation  in  the  period 
of  eleren  years  that  they  could  not  be  at  all  certain  about  the  matter,  but 
it  seemed  at  present  as  if  the  spots  were  on  the  increase. " 

Mr.  Mamider,  of  the  Royal  Observatory  at  Greenwich,  confirmed 
Father  Perry^s  observations  of  spots  in  high  latitudes  from  the  Greenwich 
daily  photographs  of  the  sun  and  said :  "  The  general  run  of  the  recent 
I^ienoiiieiia  of  simspots  has  given  me  the  decided  impression  that  the 
nuntiniiin  is  already  past.  A  fine  group  came  on  the  sun  on  June  16  last, 
and  re-appeared  in  the  two  following  rotations.  Then  a  fine  group  ap- 
peared on  Ang.  3  in  southern  latitude  22°,  and  this  also  has  been  seen  in 
the  two  following  rotations.  Comparing  the  general  aspect  of  the  sun 
with  that  of  1879,  the  indications  it  presents  now  are  similar  to  those  after 
the  former  minimum  was  definitely  passed.  It  is  true  that  if  the  minimum 
be  already  passed  we  have  not  had  so  flat  a  trough  for  the  solar  wave  as  in 
1878  and  1879,  ibr  we  had  then  five  months  in  which  there  were  practical- 
ly no  spots  at  all.  But  if  we  take  the  mean  daily  spotted  area  of  the  sun 
for  the  first  half  of  this  year,  stopping  short  at  what  seems  to  have  been 
the  commencement  of  the  revival  (the  appearance  of  the  group  on  June  16) 
we  shall  find  it  smaller  than  at  the  minimum  in  1888.  In  1878  the  mean 
daily  spotted  area  was  24  millionths  of  the  sun*s  visible  hemisphere;  in 
1888,  89  millionths;  but  for  the  half  year  ending  June  15,  1889,  it  was 
only  18  millionths.  ** 

Profiessor  Dr.  Spoerer,  of  Potsdam,  also  calls  attention  to  the  same 
subject  in  the  Astronotnischt  Nacbricbten  No.  2936. 

R.  A.  Decl. 

1889.               h     m  o      ' 

Jan.    25 21  03.5  —13  56 

Feb.     4 20  18.9  —16  04 

14 20  13.9  —18  10 

Jan.   25 20  09.7    —21  00 

Feb.     4 21  01.7    —18  08 

14 21  51.6    -14  24 

Jan.   25 14  45.3    —14  31 

Feb.     4 15  05.7    —16  02 

14 15  25.3    —17  22 

Jan.  25 19  42.0    —21  37 

Feb.     4 19  51.7    —21  13 

14 20  01.2    —20  48 

Jan.  26 10  19.6    +12  12 

Feb.     4 10  16.9    -f  12  29 

14.......10  13.9    +12  47 


MERCURY. 

Rises, 
h      m 

7  36  A.M. 

6  22    ** 

5  47    "      • 

Transits, 
h      m 

12  43.6  P.M. 

11   19.7  A.M. 

10  35.3    " 

Sets, 
h    m 

5  51  P.M. 

4  18    *• 
3  24    " 

VENUS. 

7  14  a.m. 
7  14    *• 
7  07    " 

11  49.8  A.M. 

12  02.2  P.M. 
12  12.6    •• 

4  25  P.M. 

4  51     " 

5  18    " 

MARS. 

1  22  A.M. 

1  09    *• 
12  55    " 

6  20.3  A.M. 
6  07.2    " 
5  47.5    " 

11  31  P.M. 
11   05  A.M. 

10  40  a.m. 

JUPITER. 

6  50  A.M. 

6  18    ** 
5  46    " 

11  22.2  A.M. 
10  52.5    '* 
10  22.7    " 

3  55  P.M. 
3  27     * 
2  59    " 

SATURN. 

7  05  P.M. 

6  22    " 
5  38    " 

1  57.4  a.m. 
1  15.3    " 
12  33.0    " 

8  50  A.M. 

8  09    " 
7  28    " 
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URANUS. 

R.  A.  Decl.  Rises.  Transits, 

hm  ^'  hm  hm 

Jan.  25 13  40.0  -9  45   1152  p.m.  5  17.1a.m. 

Feb.  4 13  39.9  -  9  44   11  13  "  4  37.7  " 

14 13  39.6  -  9  42   10  33  "  3  58.1  " 

NEPTUNE. 


Jan.  25 4  00.3  +18  54   12  17  p.m.    7  39.0  p.m. 

Feb.  4 4  00.0  +18  54   11  37  **     6  59.4 

14 4  00.0  +18  55   10  58  "     6  20.1 


It 


THE  SUN. 

Jan.  25 20  32.7  -18  50    7  26  a.m.  12  12.7  p.m. 

Feb.  4 21  13.5  -16  04    7  16  "  12  14.2  " 

14 21  53.2  -12  51    7  02  "  12  14.4  " 


Sets, 
h    m 

10  42J 

10  02 

923J 

SOU 

222 

142 

4  591 

5  12 
527 

Occultations  Visible  at  Washington. 

IMMBR8ION.  EMERSION. 

Star's               Magni-       Wash.    Angle  fm    Wash.    Angle  fm  Di 

Date.                Name.                tnde.        Mean  T.    N.  P't.     Mean  T.      N,  P't.  t 

Jan.  24 B.  A.  C.  17 6     4  54    86    5  58   207  1 

29 cTauri 3%   12  43    83   13  46   262  1 

31 3Geniinonim...  6^   12  23    53   13  22   312  1 

31 6  Geminornm ...  6%   13  49   111   14  52   267  1 

Feb.  2....84Geminonim...  6^   12  29   182   12  47   205  0 

9....80  Virginis 6           15  23       114       16  45       317  1 

12 v'Scorpii 4%       16  12       143       17  19       270  1 


Elongations  and  Conjunctions  of  Saturn's  Satellites. 

[Central  time ;  B  =  east  elongation ;  W  =3  west  elongation ;  I  =  inferior  coid« 
tion  (north  of  planet);  S  =  superior  coiijnnction  (sonth  of  planet.) 

JAPETUS. 

Jan.  22,  S.      Feb.  10,  E. 

TITAN. 

Jan.  19  5.0  P.  M.  I.    Jan.  31  3.2  p.m.  E.    Feb.  12  1.0  P.M. 
23  4.4  p.  M.  W.  .  Feb.  4  2.5  p.m.  I. 
27  3.8  p.m.  S.       .  8  1.7  p.m.  W. 

RHEA. 

Jan.  17  12.3  p.m.  E.    Jan.  31  1.2  a.m.  E.    Feb.  13  2.1  P.  M. 

22  12.7  A.M.  E.    Feb.  4  1.4  p.m.  E. 
26  1.0  p.m.  E.         9  1.9  a.m.  E. 

DIONE. 

Jan.  18  1.8  a.m.  E.    Jan.  29  12.4  a.m.  E.    Feb.  8  10.8  P.1C 

20  7.4  p.m.  E.       31  5.9  p.m.  E.      11   4.4  pjc 

23  1.1  P.M.  E.    Feb.  3  11.6  a.m.  E.      14  10.1a.m. 

26  6.7  A.M.  E.        6  5.1  a.m.  E. 

TETHYS. 

Jan.  17  4.6  p.m.  E.  Jan.  29  12.3  a.m.  E.  Feb.  9  9.9  AJC 

19  1.8  p.m.  E.  30  9.5  p.m.  E.  U  5.2  AJf. 

21  ll.lA.M.  E.  Feb.  1  6.8  p.m.  E.  13  2.5  AJC 
23  8.5  a.m.  E.  3  4.0  p.m.  E.  14  11.8  PJC 
25  5.7  A.M.  E.  5  1.3  p.m.  E. 

27  3.0  a.m.  E.        7  10.6  a.m.  E. 
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Phases  of  the  Moon. 

Central  Time, 
d     h     m 

New  Moon 1890  Jan.  20     5  4-9  p.  m. 

First  Quarter **         "    27     2  16  p.  m. 

FuU  Moon **      Feb.    4     7  14  p.  m. 

Last  Quarter "         **    12  12  51  p.  m. 

Perigee *'      Jan.  20     9  00  A.  m. 

Apogee "      Feb.   2    8  00  a.  m. 


Periodic  Comets  to  Return  in  1890.  Mr.  W.  T.  Lynn  in  Knowledge , 
)ec.  2, 1889,  p.  33,  and  Mr.  W.  E.  Plummer  in  The  Observatory^  December, 
1889,  p.  432,  give  brief  notices  of  the  periodic  comets  whose  return  to  peri- 
tdSon  is  to  be  expected  in  1890.  There  are  four,  possibly  five  of  them,  all 
ideaoopic  and  of  short  period,  belonging  to  the  Jupiter  family  of  comets. 
y  these,  two,  Brorsen^s  and  D'Arrest's,  have  been  observed  at  several  ap- 
MttitkMis,  but  both  escaped  detection  at  the  last  return.  The  other  three 
bnre  been  seen  only  at  one  apparition,  so  that  their  periods  are  somewhat 
iMbtfiil. 

Bartuurd'a  Comet  1884  II  was  discovered  July  16, 1884,  by  E.  E.  Bar- 
iard,  at  Nashville,  Tenn.  The  period  assigned  by  Dr.  Berberich  is  5.36 
Itan,  so  that  this  comet  should  be  now  very  near  perihelion.  The  elements 
rf  its  orbit  bear  a  dose  resemblance  to  those  of  the  lost  De  Vico  comet, 
1844  I,  and  also  to  those  of  Finlay's  comet  1886  VII.  They  cannot  be 
iflentical,  but  probably  belong  to  a  S3rstem  of  faint  comets  which  escape  ob- 
Mrratioa  except  when  their  perihelia  are  favorably  situated  with  reference 
U>  the  earth. 

Bfx>r9eii*s  Comet  was  discovered  at  Kiel,  Feb.26, 1846.*  Its  period  is 
itry  nearly  five  and  one-half  years,  so  that  its  apparitions  occur  alternately 
k  the  spring  and  autumn.  It  was  seen  in  1857, 1868, 1873,  and  1879,  but 
iKaped  observation  in  1884.  It  is  due  at  perihelion  this  year  about  Febru- 
toy  25,  its  course  passing  through  the  constellations  Pisces,  Andromeda, 
tad  Cassiopeia.  It  should  not  escape  detection  this  time.  In  another 
place  Mr.  G.  A.  Hill  gives  a  sweeping  ephemeris  which  will  aid  observers  in 
tktir  search  for  the  faint  visitor. 

Mr.  Plummer  says:  ''The  orbit  is  a  very  interesting  one,  for  it  ap- 
Iroaclics  very  closely  to  that  of  Jupiter  and  at  intervals  of  ninety-five 
Jean  the  comet  encounters  the  planet,  and  a  very  decided  change  in  the 
Orbit  ensues.  This  dose  approach  last  occurred  in  1842  May,  when  the 
^QOBiet*s  motion,  which  had  been  previotisly  hyperbolic  was  changed  into 
Hk  dfipdcal  form  in  which  the  comet  now  moves.  In  1937  this  proximity 
lv31  again  take  place,  when  the  orbit  will  probably  resume  its  hyperbolic 
tarre,  and  be  lost  to  the  solar  sjrstem." 


Cqggia'8  Comet,  discovered  Nov.  10, 1878,  was  thought,  fi-om  the  in- 
stigation of  Professor  Weiss,  to  be  identical  with  one  detected  Feb.  23, 
1B18,  by  Pons,  bat,  ahhongh  the  derived  period  is  about  five  and  one-half 
I  lotti,  it  baa  not  been  seen  since  1878.  If  this  period  is  correct  the  comet  is 
r^ caily  in  1890.    We  have  no  ephemeris  at  hand. 


i.-^^ 
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Dtaning's  Comet  1681  V,  discovered  at  Bristol  Oct  4. 1881,  has  b«en 
thought  to  be  identical  with  that  discovered  by  Blanpain  Nov.  28, 1819, 
for  which  Bncke  derived  a  period  of  4.8  years.  TUe  most  reliable  orbit  (if 
Denning's  comet,  however,  gives  a  period  of  8.0874  years.  This  period, 
computed  by  Dr.  Boy  Matthiescn  (A.N,  121.  p.  359),  has  a  probable  ci 
of  only  fonr  days,  so  that  the  comet  should  come  to  perihelion  in  May, 
1S90,  but  with  a  theoretical  brightness  of  only  one-third  that  which  it  bi 
when  discovered  in  1881.  Also  the  comet  in  1887  approached  %'cry  near 
Jupiter,  so  that  its  orbit  may  have  suffered  considerable  perturbations, 
which  must  be  calculated  approximately  before  a  sweeping  ephcm«ris  can 
be  computed. 

D' Arrest's  Comet  was  discovered  at  Leipzig  June  27,  1851;  it  has  a  pep- 
iod  of  six  and  a  half  years  and  was  seen  in  1857,  1870  and  1877  bnt  vi 
not  seen  at  its  last  return  in  the  winter  of  1883.  According  to  Winnecke 
this  is  the  faintest  of  the  periodic  comets,  hut  its  course  this  year  will  be 
similar  to  that  which  it  followed  in  1883,  when  it  was  a  fairlj'  conspicuona 
object  in  the  telescope.  This  comet  is  due  at  perihelion  about  the  thiid 
w«ek  in  September.  An  accurate  ephcmeris  will  doubtless  be  soon  pub- 
lished. Such  ephcmerides  have  hitherto  been  issued  by  M.  Lcvenu,  i 
Paris.  


CouKts  of  1887-8. 


Comet  1886  VIII... 
Comet  1887  I.,. 
Comet  1887  II... 
Comet  1887  III... 
Comet  1887  IV... 
Comet  1887       V... 


Comet  1S8S 
Comet  1888 
Comet  1888 
Comet  1S8S 
Comet  1888 
Comet  1889 


...1887  e Barnard.  Jan.  23. 

...1887  a Thome,  Jan.  18, 

...1887  h Brooks.  Jan.  23. 

...1887  d Barnard,  Feb.  IG. 

...1887  c Barnard.  May  12. 

...1B87  f. Brooks,  Aug.  2+.. 

...1888  a Sawerthal,  Feb,  18. 

...1888  6 Encke's  Comet. 

...1888  c. Brooks,  Aug.  7. 

...1888  d Faye's  Comet. 

...1888  f. Barnard,  Oct  30. 

...1888  e Barnard,  Sept.  2. 


Olbn^l^^H 


Harvard  College  Observatory,  Dec.  6. 


I.    C.   WBSDELL. 


The  Return  of  Brorsen's  Comet.  This  comet  is  now  almost  due 
the  Astronomiscbe  Nachrichten,  No.  2220.  Dr.  Scholie,  of  Dotielu  ha* 
made  an  extended  investigation  of  the'  orbit  of  this  comet,  and  fra\ 
elements  for  1879,  brought  up  to  1890,  I  have  computed  the  Ifollowing 
sweeping  ephcmeris.  The  period  of  the  comet  is  Iteeomiug  less,  ns  will  be 
seen  by  the  following  inter\-ols  as  deduced  frcm  the  five  observed  rclnrns. 

18+6,    203+.1  days.  

1857,    2022.7  days. 

IS68,    2002.4  davs. 

1873.     1999.4  daV«. 

1879.    1994.9  days. 

As  the  comet  was  missed  in  18841  have  used  3929  days  as  the  dstooCl 

the  next  perihelion  passage  or  twice  that  as  shown  by  Dr.  Schulse'a  de>  f 

ments  for  1879,  namely  1994.9  days.    1  then  decreased  the  period  bjr  12  J 

days  and  computed   another  ephemeris.    The  two  will  be  fonnd  1 
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These  two  values  give  as  the  dates  of  perihelion  passage  Feb.  17  and  March 
1, 1890,  respectively.  Dr.  Lamp,  of  Kiel,  has  an  ephemeris  for  this  comet 
in  a  late  nunber  of  the  Nacbricbten.  He  has  made  the  date  of  the  next  peri- 
helion passage  on  Feb.  24, 1890,  which  is  intermediate  to  those  selected  by 

me.  GEO.  A.HILL. 

Naval  Observatory,  Washington,  D.  C,  Dec.  19, 1889. 

Sweeping  Ephemeris  for  Brorsen*s  Comet. 
Perihelion  Passage  March  1, 1890.       Perihelion  Passage  Feb.  1 7, 1890. 
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Comet  d  1889  (Brooks,  Jnly  6),  was  observed  on  six  nights  from  Nov. 
14  to  Nov.  26,  by  Professor  Young  and  his  assistant,  Mr.  Miller,  with  the 
23-tnch  equatorial,  at  Princeton.  "On  Nov.  14  both  observers  saw  the 
companion  comet,  abont  5'  from  the  principal  comet,  at  a  position  angle  of 
between  60^  and  60**.  It  was  still  better  seen  on  the  15th  by  Mr.  Miller 
bift  not  quite  well  enough  to  admit  of  observation  on  the  bars.  The 
mazB  comet  was  decidedly  elongated  by  a  short  brush  IW  in  length 
directed  neaxly  toward  the  companion.*'  The  best  elements  of  this  comet 
are  probably  those  given  below,  computed  by  Dr.  O.  Knopf,  ( A.  N.  No.  2936 ) 
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wiivnce  the  period  is  7.071  years.  In  AstroaornicalJouraaJ,  Ho,  20+.  Mr.  9. 
C.  Chandler  has  published  very  similar  elements  with  a  period  of  7-039 
years.  He  calls  attention  to  the  very  close  approach  of  the  cooiet  to 
Jupiter  in  1886  when  for  three  months  the  distance  between  them  did  not 
exceed  0.100  of  the  earth's  distance  from  the  sun.  It  is  probable  that  the 
cliaracter  of  the  orbit  was  radically  changed  in  that  time. 


:  1883  Sept.  29.743G  Berlin  u.  t. 

-  348n8'56.5' 

=     17  58  29.6       V  Mean  Eq> 

=       68  59.C       ' 

:    28    i  ia.i 

=  501".8156 

:  7.071 

EPHEMERIS. 

log  r    log  J    L.         issB, 
S    tl.»Vi    (i.nst    U.«     Jan.VT 


lew.) 

1«  4l.fi 

Id  i».7  ( 
11  iftii 


AtwCoaiefg-iSSStBorrelly.Dec.  12),  A  telegram,  Dec.  15,1 
the  discovery  of  a  faint  comet  by  Dorrelly  at  MBrseillcs.  Position,  Dec. 
12.311  Gr.  M.  T..  R.  A.  18ft  07ni  00s;  Deel.  +  48°  53';  daily  motion,  +  la 
13s ;  south  1°.  Astronomical  Journal,  No.  207,  has  an  observsrion  by 
BamardDec.  15.64aoGr.  M.  T..  R.  A.  18h  Oni  0.115s;  Decl. +  45°  30' 10". 


The  Hartford  Fire-Ball.  In  the  Hartford  Couranf  of  Dec.  12,  1889.  an 
interesting,  thongh  somewhat  indefinite,  account  is  given  of  the  fall  of  a 
lirc-ball.  the  fragments  of  which  seem  to  indicate  that  its  origin  was  met- 
eoric. The  fall  was  observed  on  Tuesday  evening.  Dec.  10.  at  8A  15m,  io 
the  midst  of  Seyms  street,  opposite  the  residence  of  Mr.  Charles  B.  .\ndrus. 
So  far  as  now  known  it  was  only  seen  by  a  lad  twelve  years  of  age,  who 
claims  that  he  saw  "  a  big  ball  of  fire  fall  in  the  middle  of  the  street,"  By 
those  who  looked  into  the  matter  it  is  thought  that  the  object  came  from 
the  northwest  quarter  of  the  heavens,  at  an  angle  of  elevation  of  thirty  or 
forty  degrees.    At  the  place  of  its  fall  fragnicats  were  found,  aod.J 
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ground  for  a  foot  and  a  half  square  was  colored  a  grevish  white  shade  by 
the  fine  ashes  which  apparently  were  thrust  into  the  soil  that  formed  a.  thin 
comring  of  a  road  made  of  crushed  stone.  There  were  no  large  fragments, 
and  the  appearance  of  those  most  carefally  examined  led  to  the  belief  that 
the  obiect  wi 


Brilliant  Mettor.  December  17,  at  4A  45ni  p.  u.,  I  witnessed  a  most 
mnarkabk  meteoric  flight.  Pardon  the  full  details  as  I  wish  the  occurrence 
to  be  correctly  stated  for  the  purpose  of  compari(>Dn  with  other  possible 
•baerrations  of  the  same  object.  I  went  to  my  Observatory  to  make  some 
repairs  and  as  I  reached  the  front  of  it,  and  facing  east  the  meteor 
flashed  into  view.  As  may  be  judged  by  the  time  it  was  still  strong  day- 
light, but  so  bright  was  the  meteor  that  it  attracted  my  attention  imme- 
diately. It  was  fiilly  as  bright  oa  Venus  would  appear  in  a  dark  skj,  and 
at  the  most  favorable  position  in  her  orbit  for  greateat  brightness.  What 
struck  me  most  wasithc  decided  green  color  of  the 
meteoric  light.  The  color  to  me  was  intense.  Follow- 
ing the  meteor  was  four  or  five  attendant  but  lesser 
olqects, 'which  seemed  to  be  of  an  orange  color.  I 
give  below  a  general  T»ew  of  the  transit,  and  wish 
to  call  attention  to  the  rays  emanating  eastward 
from  the  prim-ary,  and  which  seemed  remarkable  on 
account  of  the  strong  sunlight  present. 
>  The  position  of  these  rays,  as  above,  is  about  as 
I  saw  them,  and  may  indicate  more  than  ordinary 
atmospheric  appearances.  Unfortunately  the  sky 
was  not  wholly  free  from  clouds  and  haie,  and  the 
termination  of  the  passage  may  be  in  error.  I  ex- 
tract from  the  notes  the  following  positions  to  which 
I  may  add  that  they  were  obtained  by  the  circles  of 
the  tclcacopc  after  carcfii]  reference  to  the  position  of  objects  relative  to 
the  witnessed  path : 

Apparition  in  *  =  +  21°  nearly. 

Bttioction  in  *  =  -    9°     ■■ 

Altitude  by  hour  circle  =       15"     " 

WILLIAM  EDWARD  WOOD. 

Washington,  D.  C. 

Vaited  St*te*  ScietttiSe  Bipcdition  to  West  Africa.  We  have  received 
Btdletina  No*.  3  and  5  of  the  United  States  Scientific  Expedition  to  West 
AlHca  nadcr  the  direction  of  Professor  D.  P.  Todd,  of  Amherst  Cotk-ge. 
These  reapectively  idatc  to  "Fish  of  the  Congo  Basin"  and  "Bibliography 
of  Ki-mbmidn." 

On  Dec  23  news  came  via  London  from  St.  Paul  de  Loando  to  the 
effect  that  numerous  photographs  of  the  eclipse  were  obtained  by  the 
American  Expedition  during  the  period  of  totality.  It  is  reported  that 
clouds  gave  some  trouble,  but  the  apparatus  in  use  worked  periectly.  Tlie 
photographs  made  on  the  ship  Pensacola  which  stood  far  out  at  xea  are 
likdy  to  be  particnlariy  naefal.  It  is  also  reported  that  the  English  observ- 
ers at  8t.  Fan]  de  Loando  obtained  no  good  observations  on  account  of 
We  hope  for  better  reports  later. 
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We  have  fuund  it  difficult  during  the  last  two  months  to  secure,  withia 
easy  i«acb.  the  quality  of  engraving  desired  for  the  illuBtration  of  some 
nrticlea  already  in  hand.  After  three  un  success  fill  trials  by  artists  in  St. 
Pan!  and  Chicago,  supposed  by  us  to  be  among  the  iKst,  we  hare  deierrcd 
one  biographical  sketch  until  next  month.    We  arc  still  trying  with  hope  of 


The  beautiful  frontispiece  picture  of  the  great  nebula  of  Andromeda  is  a 
copy  from  the  last  issue  of  Himntel  and  BnJc.  It  is  presented  at  this  time 
to  accompany  the  article  entitled  "News  from  the  Nebulie."  by  Profcssor 
Young  and  elsewhere  given  in  thi^nunibcr.  If  the  render  compares  the  cut 
given  below,  with  the  fine  photograph  bv  Roberts  of  England,  uf  which  one 
frontispiece  is  a  close  process  copy  be  will  find  it  difficult  t()  believe  that  the 
two  pictures  represent  the  same  object.    This  one  jrivcs  the  ihe  apjiearaiice 
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of  the  nebula  a: 

lent  text-books  on  nstrononiy  now  in  use.  The  later  drawing  by  Trouvc- 
lot  shows  the  two  nearly  parallel  canals. so-called. observed  by  Mr. Bond  at 
Cambridge,  some  years  ago  by  the  aid  of  tlie  lii-inch  refractor.  We  now 
know  the  shape  and  extent  of  these  canals  and  the  general  features  of  this 
grand  nebula,  which  is  one  of  the  late  noble  triumiihs  of  celestial  photog- 
raphy.  But,  snrely.  this  is  only  the  beginning  of  wonders,  as  we  believe 
from  that  astonishing  article  by  professor  W.  H.  Pickering,  the  leader  of 
this  number.  We  supposed  we  knew  somethin);  about  old  Orion,  but 
his  "bands"  are  apparently  iniimtely  more  than  those  that  Job  saw. 


Ww.  M.  Pierson,  vice-president  of  the  .Astronomical  Society  of  the  Paci- 
fic, has  recently  set  up  an  HMr-inch  reflecting  telescope  in  his  private  Ohter~ 
vatOfy  in  San  Francisco,  The  instrument  was  made  by  J.  A.  Braihear,  of 
Alleghany  City.  Pa.,  is  equatorially  mounted  with  driving  clock  and  eUcka, 
and  hoc  proved  very  Ratisfactory  to  its  owner. 
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Astronomical  Socktjr  of  the  Pad£c.  By  the  kindness  of  Mr.  Charles 
Bnrckhalter,  secretarj  of  the  Astronomical  Society  of  the  Pacific,  and  of 
members  of  the  staff  of  Lick  Observatory,  we  are  able  to  give  the  results  of 
mach  valuable  recent  work  for  astronomy  from  the  western  coast.  It  is  a 
great  pleasure  to  us  to  notice  the  general  interest  in  our  science  that  has  so 
quickly  spnmg  up  on  the  other  side  of  the  Rockies.  But  it  is  more  wonder- 
ful stin  to  know  the  kind  of  astronomical  work  this  young  society  is  doing. 
•  It  is  certainly  work  that  matches  well  the  best  of  its  kind  we  know  of.  The 
officers  have  also  done  nobly,  as  we  think,  to  enlist  a  general  public  interest 
in  what  they  are  doing,  and  the  consequence  is  quick  and  generous  aid,  in 
the  way  of  donations,  as  illustrated  by  Mr.  Montgomery's  handsome  gift 
of  $2,500.  The  society  is  congratulated  on  its  unusual  success  in  so  many 
"ways. 

Aonaal  Report  of  Harvard  College  Observatory,  The  forty-fourth  an- 
nual report  of  the  Director  of  the  Astronomical  Observafbry,  of  Harvard 
College,  was  preaented  to  the  Visiting  Committee  Dec.  14,  1889.  This 
report  tpealM  of  the  death  of  Mr.  J.  I.  Bowditch,  an  old  and  active  friend  of 
the  Obaenratoiy,  the  Bmce  gift  of  $50,000,  the  continued  aid  of  Mrs.  Dra- 
per and  that  of  the  Boyden  Fund  for  the  Peru  expedition,  which  enables  the 
Obaertatory  to  extend  its  important  investigations  to  include  the  south- 
ern star*.  A  MGond  expedition  to  Southern  California  furnishes  the  Ob- 
sermtofj  a  ttonntain  station,  under  climatic  conditions  superior  to  those 
of  the  eastern  portion  of  the  United  States. 

The  cast  equatorial  has  been  mainly  used  by  Mr.  Wendell,  and  it  has 
six  new  rjt  pieces  and  two  square  bar  micrometers  made  of  tinfoil  mounted 
on  i^aas  bj  Professor  Rogers.  This  instrument  has  been  busy,  evidently, 
from  tfaeras^pe  of  work  done  by  it.  The  Meridian  Circle  has  been  used  in 
obserring  the  southern  cone,  comprising  the  declination  from  —  9°  50' 
to  — 14^  ICy  by  Professor  Searle  and  Mr.  Dunne.  The  total  number  of 
observations  is  8565:  287  relating  to  circumpolar  stars,  1,024  to  funda- 
mental stan^  6889  to  cone  stars,  and  365  to  stars  incidentally  observed. 
Redactions  of  the  Meridian  Circle  observations  are  being  forwarded  as 
rapidly  as  the  limited  force  of  computers  can  do  the  work.  The  twelve-inch 
horizontal  telescope  has  been  used  by  Mr.  G.  E.  Hale  in  an  investigation  of 
the  solar  spectrum. 

In  the  latter  part  of  this  report,  fuller  mention  is  found  of  the  uses 
made  of  the'Boyden  fund,  the  Bruce  Photographic  Telescope,  now  in  pro- 
cess of  construction,  which  is  to  be  24-inches  clear  aperture,  with  focal 
length  of  eleven  feet,  and  its  contemplated  work ;  the  librarj',  the  time  serv- 
ice, telegraphic  announcements  and  publications  for  the  j'ear,  all  of  which 
indicate  an  excellent  showing  for  the  work  of  this  Observatory. 


Pro^ssor  A,  E.  Haynes,  Department  of  Mathematics  and  Astronomy, 
'Hillsdale  College,  Michigan,  some  time  ago  called  our  attention  to  an 
observation  of  the  Crater  Ptolemais,  made  Dec.  10,  1888,  at  8  o'clock  p. 
M.,  Standard  Central  time.  He  saw  a  part  of  the  bottom  of  the  Crater 
Ptolem&is  lighted  up  by  reflection  from  the  lighted  edge.  He  has  not  before 
nor  since  observed  the  same  phenomenon. 
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Notes  from  the  Advance  Sheets  of  the  Publications  of  the  ABtionoinical  iio- 
ciety  of  the  Pacific. 

Great  Telescope  /or  Lot  Angeles.  Authentic  information  regarding  the 
proposed  forty-inch  refractor  for  Wilaon's  Peak  ta  difficult  to  obtain.  A 
newspaper  report  of  an  interview  with  Mr.  A.  G.  Clark  on  September  28, 
recites  that  one  of  the  discs  (now  on  exhibition  at  Paris)  probably  arrived 
in  Boston  in  October.  The  other  disc  is  not  yet  cost,  and  M.  Mantois 
ie,  apparently,  not  willing  to  undertake  the  work  without  a  contract, 
which  is  not  3'el  executed.  The  trustees  of  the  Fund  have,  so  it  is  said, 
authorized  Mr.  Clark  to  pay  $10,000  for  two  satisfactory  forty-iuch  discs, 
which  is  not  an  unreasonable  price  by  any  means.  Mr.  Clark  ofTered  to 
make  the  objective  and  the  mounting  for  $100,000,  during  his  visit  to  Cali- 
fornia in  the  winter  of  1888-9.  So  far  as  is  now  known,  the  fund  available 
for  the  telescope  does  not  yet  exceed  $150,000.  Probably  $300,000  to 
:'44iOO,000  would  buUdiand  equip  the  Observatory.  e.  s.  r. 


Force  of  Gravity  at  Mt.  Haiailtoa  and  Ssn  Fraaciico.  Mr.  E.  D.  Pres- 
ton of  the  V.  S.  Coast  and  Geodetic  Survey  has  published  his  report  on 
gravity  determinotions  in  the  Pacific  Ocean  (Bulletin  No.  11,  U.  S.  C.  and 
G.  S.,  1889).  The  force  of  gravity  at  Washington  being  1.000000,  that  at 
San  Francisco  (Professor  Davidson's  Observatory)  is  0.99985'!  and  at  the 
Lick  Observatory  it  is  0.999544.  Determinations  of  g  at  four  stations  in 
the  Hawaiian  Islands  and  for  a  station  at  Caroline  Island  are  also  given. 


^■'  than  th 


Raiabit  on  Mount  Hamilton.    Meteorological  observations  have  been 
luni  Hamilton  since  1880.    The  following  table  of  rainfall  on  the 
the  best  available  summary.    This  rainliall  is  cunudcrably  more 
that  in  the  Santa  Clara  Valley  near  Sun  Jose  (about  13.4  inches)  and 
it  is  probably  considerably  less  than  the  fall  in  some  ofthecanyonsand  val- 
leys immediately  surrounding  the  mountain.     The  great  variations  in  the 
onnoo]  amount  of  rmnfall  ate  interestiag  from  a  meteomlogical  point  a( 
and   decidedly  inconvenient  Irom   a  practieal  one,  especially  as  onr 
capacity   is  not  quite  adequate.  s.  s.   h. 

Rainfall  at  Mount  Hamilton  in  the  yearn  1880-89. 
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Stability  of  tbc  Great  Equatorial.  Observations  for  the  position  of 
the  great  telescope  have  been  made  by  Messrs.  Schaeberle  and  Keeler,  as 

belov?: 

1888,  July   27,  azimuth  =  +  36";  level  =    8''  too  low.  9 

1889,  May  18,       "         = "     =36"    "      " 

Sept.  16.       "         =  +  83"     "     =  68"    "      " 

There  appears  to  be  a  slight  progressive  change  in  level  and  probably 
in  azimnth.  i. 

Lkk  Obserratorj  Photographs  of  the  Moon.  Knowledge  for  Oct.  1, 
1889,  contains  an  article  by  the  editor  (Mr.  Raynard),  on  the  Moon  as 
seen  in  the  Lick  Telescope.  Excellent  reproductions  of  five  silver  prints 
made  by  the  Direct  Photo-Engraving  Company  of  London,  accompany  the 
article.  Mr.  Raynard's  remarks  upon  the  temperature  of  the  moon  and 
upon  the  possibility  of  the  existence  of  snow  fields  on  its  surface,  are  well 
worth  dose  attention.  .  b.  h.  s. 

Mountain  Observatories.  Telescopes  ....**  cannot  be  formed  so 
as  to  take  away  that  confusion  of  rays  which  arises  from  the  tremors  of 
the  atmosphere.  The  only  remedy  is  a  most  serene  and  quiet  air,  such  as 
may  perhaps  be  found  on  the  tops  of  the  highest  mountains  above  the 
grosser  douds.  "--Sir  Isaac  Newton,  in  his  OptickSy  a.  d.  1730. 


Latitude  by  the  Zenith  Telescope.  Continental  astronomers  have  latdy 
employed  the  zenith  telescope  in  determining  latitudes  at  many  stations. 
With  other  instruments  arranged  for  this  method  the  results  have  been  so 
fiavorable,  that  Wauschaff,  of  Berlin,  has  constructed  a  zenith  telescope 
whose  accuracy  is  remarkable ;  the  probable  error  of  observation  upon  a 
pair  of  stars  for  one  night  being  but  ±  O.'^S,  (fifteen  hundredths  of  a 
second)  at  the  station  Schucekoppe  of  the  Geodetic  Institute  of  Berlin. 
The  observer  was  Professor  Albrecht ;  the  instrument  has  an  objective  of 
Jena  glass  of  2%  inches  in  aperture,  and  two  delicate  levels  for  mutual 
control.  T.  H.  s. 

Repairs  at  Ann  Arbor.  The  dome  of  the  Observatory  at  Ann  Arbor 
was  put  up  some  thirty-five  years  ago  and  has  recdved  little  attention 
since.  It  moves  on  five  cannon  balls,  and,  in  the  course  of  years,  the  rota- 
tion of  the  dome  has  become  more  and  more  difficult,  until  it  is  now  prac- 
tically immovable.  At  thdr  last  meeting,  the  Regents  of  the  University 
authorized  its  repair  and  the  matter  has  been  placed  in  the  hands  of  War- 
ner and  Swazey,  of  Cleveland,  who  will  put  in  thdr  superior  running  appa- 
ratus. The  work  will  probably  not  be  completed  before  the  first  of  next 
April.     The  same  manufacturers  will  also  put  thdr  shutter  on  the  dome. 


Annual  Companion  to  the  Observatory ^  1890.  This  very  useful  public- 
ation for  the  year  1890  is  promptly  at  hand.  Although  somewhat  re-ar- 
ranged and  abridged,  it  still  contains  ever3rthing  of  importance  to  be  ex- 
pected in  such  a  publication.  The  readers  of  The  Messenger  who  use  in- 
formation of  this  kind  can  not  do  better  than  to  secure  a  copy  of  the  Com- 
panion to  the  Observatory  for  the  year  1890. 


The  Faatb  Meridian  Circle  of  Cincinnati  Observatory.  I  am  glad  t^l 
respond  to  your  request  for  some  notes  collceraing  the  work  of  this  Ob>fl 
servatory,  and  especially  with  respect  to  the  performance  of  the  New  Meriili.^ 
ian  Circle.  The  moat  satiafactory  test  of  the  encellence  of  an  instrument  i« 
nndoubtedly  to  be  obtained  from  the  discussion  of  an  extended  series  of  ob- 
servations made  with  it.  For  such  a  test  of  our  Meridian  Circle  we  have 
now  abundant  material,  for  since  the  instrument  was  set  up  in  August. 
188S,  over  3,000  obaervationa  have  been  taken.  The  greater  part  of  these 
arcof  proiicr-motion  stars,  the  re-dctermination  of  their  movcntcnts,  and  the 
comjiilation  of  a  catalogue  of  these  intereslinR  objects  being  the  chief  work 
upon  which  we  are  now  engaged.  The  portion  of  this  catalogue  covering 
the  first  six  hours  of  right  ascension  is  already  nearly  completed.  Before 
the  remainder  can  be  finished  it  will  be  necessary  to  await  the  appearance 
of  tlie  rest  of  the  new  Paris  Catalogue,  so  that  advantage  may  be  taken  of 
the  many  new  cases  of  proper  motion  which  the  comparison  of  modem  ob- 
servation with  Lalande's  positions  is  sure  to  bring  to  light. 

Besides  the  class  of  work  referred  to,  we  have  taken  part  in  the  observ- 
atiana  of  the  minor  planets.  Victoria  and  Sappbo.  and  their  comparison 
stars  according  to  the  programs  published  by  Dr.  Gilt.  Of  the  42  stars  in 
the  first  series,  18S  observations  were  made,  and  8  of  the  planet  itself.  Of 
the  43  stars  in  the  second  scries.  244-  observations  were  obtained,  and  16  of 
the  planet,  Each  star  was  observed  in  both  positions  of  the  circle,  but  a 
comparison  of  the  results,  west  and  east,  shows  no  systematic  differences 
either  in  right  ascension  ordcclination.  The  average  probable  error  of  a  sin- 
fjle  observation  as  computed  from  the  Victoria  stars  gave  ±  0.056s  in  right 
ascension,  and  ±  0,58"  in  declination ;  but  several  nights  weir  employed 
when  the  definition  was  far  from  good.  During  the  fall  months  when  the 
second  aeries  was  observed  tite  average  definition  was  somewhat  bettor, 
and  the  resulting  probable  errors  show  a  decided  improvement,  being 
±  0.050s  and  ±  0.44"  respectively.  I  may  mention  that  only  one  observ- 
ation was  rejected,  and  that  was  marked  poor  at  the  time.  These  val- 
ues will  compare  favorably  with  those  obtained  by  instruments  of  similar 
^le,  but  the  princi])at  danger  to  be  feared  is  not  the  accidental  errors  of  ob- 
servation so  much  as  constant  errors.  If  a  star  is  always  observed  upon 
the  same  divisions  of  the  circle,  no  matter  how  welt  the  individual  results 
agree,  we  can  never  be  sure  that  we  have  the  true  declination.  This  danger 
can  be  avoided  b_v  shifting  the  circle  at  the  end  of  each  year  and  re-oljserv- 
ing  the  same  stars  upon  dif!creiit  divisions.  This  plan  has  been  ado|>ted 
here,  but  as  yet  no  evidences  of  any  constant  error  have  been  detected. 

Another  good  test  of  the  accuracy  of  the  graduation  is  obtained  from 
the  agreement  of  the  ctiuator  [toint  as  given  by  the  observation  of  funda- 
mctital  stars  differing  widely  in  dcclinatiun.  In  our  practice  six  such  stars 
are  usually  observed  on  each  night,  one  or  two  being  ciicumpolar  stars. 
The  average  probable  error  of  the  equator  point  from  a  single  star  comes 
about  half  a  second.  Into  this,  of  course,  enters  the  uncertainty  of  the  star 
positions  and  of  the  refraction,  as  well  as  the  errors  of  graduation.  The 
stability  of  the  instrument  and  the  ease  with  which  it  is  manipulated  a 
very  satisfactory.  On  tile  whole  Messrs.  Pauth  and  Saegmueller  a 
congratulated  on  the  excellence  of  their  workmanship.       J.  o.  pohtek, 

Dec.  17.  1889.  Director  of  Cincinnati  Ob«c 
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A  Wonderful  Nebulous  Ring.  In  about  the  year  1865  while  comet- 
seeking  with  a  4^inch  telescope,  I  swept  across  an  object  which,  from  its 
size  and  peculiar  app«arance,  I  thought  might  be  either  a  comet  or,  more 
likely,  a  glow  from  a  cluster  of  bright  stars  closely  adjoining  it.  Subse- 
quently, finding  no  motion,  I  settled  upon  the  latter  theory,  but,  observing 
it  several  times  during  succeeding  years,  I  came  to  notice  that  the  supposec] 
glow  was  all  on  one  side  of  the  cluster,  and  became  convinced  that  it  was 
a  nebula,  probably  a  well  known  one. 

In  1880  I  came  into  possessionof  Sir  John  HerJbhers  General  Catalogue 
of  Nebula,  and  made  immediate  search  for  my  mysterious  find,  of  which 
there  was  no  record. 

After  my  removal  to  Rochester  I  received  a  letter  from  Professor  Bar- 
nard then  of  Nashville,  Tenn.,  saying  he  had  discovered  a  large  nebula 
not  in  General  Catalogue  which  he,  at  first,  had  mistaken  for  a  comet. 

On  exceedingly  favorable  occasion  as  to  purity  of  the  atmosphere,  and 
before  the  erection  of  the  electric  street  lights,  I  examined  it  with  the  16- 
inch  instrument  of  this  Observatory,  when  I  saw  it  as  I  have  never  since 
been  able  to  do,  even  under  conditions  apparently  as  favorable.  An  im- 
perfect illustration  of  its  then  appearance  will  be  found  on  page  57,  Vol.  Ill 
of  The  Sidbrbal  Messenger,  and  on  page  21  of  **  History  and  Work  of  the 
Warner  Observatory."  Although  I  have  not  since  seen  it  as  an  ellipse  with 
condensations  at  each  focus,  yet  I  have  observed  what  I,  at  that  time, 
failed  to  notice;  viz.,  three  knots  of  considerable  extent  north  preceding  the 
nebula,,  seemingly  connected  with  each  other  not  only,  but  also  with  the 
parent  nebula. 

Thus  the  matter  rested  until  Barnard  informed  me  that,  with  the  12-inch 
glass  of  the  Lick  Observatory,  he  had  discovered  a  nebulous  ring  entirely 
surrounding  the  cluster  which  I,  myself,  also  saw  at  my  visit  to  that  ob- 
servatory^ and  found  that  my  nebula,  as  also  the  three  knots,  formed 
part  of  the  ring. 

Professor  Barnard  in  Astronomische  Nachricbten^  No.  2918,  has  given 
an  interesting  account  of  his  discovery,  accompanied  by  a  faithful  illustra- 
tion of  not  only  the  cluster,  but  also  of  its  inclosing  ring,  which,  the  Milky 
Way  excepted,  is  the  largest  visible  to  us,  its  outer  diameter  being  not  less 
than^CK.  In  comparison,  the  ring  nebula  in  Lyra  is  a  pigmy.  Mr.  Barnard, 
in  his  drawing,  shows  the  segment  of  another  ring  apparently  attached  to 
the  principal  one  on  the  s.  f.  side,  and,  judging  from  the  visible  portion, 
it,  if  continuous,  must  be  nearly  as  large  as  the  other.    This  I  did  not  see. 

The  cluster  is  H.  2.  VII  =  G.  C.  1420,  and  the  nebula  is  N.  G.  C.  2237, 
R.A.  6A  24/n  48s,  Decl.  -f  5°8',  in  the  constellation  Monoceros.  As  it  will 
soon  be  favorably  situated  for  observation,  I  shall  hope  that  the  distin- 
guished celestial  photographer,  Mr.  Isaac  Roberts,  will  be  induced  to  pho- 
tograph it,  as  a  change  both  in  brightness  and  form  is  suspected. 

Warner  Observatory,  Rochester  N.  Y.  lewis  swift. 

Dec.  20th,  1889.        

Large  versus  Small  Telescopes — A  Special  Case.  The  following  is  an  at- 
tempt to  compar  the  26-inch  equatorial  of  the  Leander  McCormick  Observ- 
atory with  the  104nch  of  the  Haverford  College  Observatory,  by  means  of 
the  two  series  G|f  double-star  measures  made  at  these  observatories.    Both 
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telescopes  were  made  by  the  Ciarks  and  are  probably  equal  in  optical 
perlection.  The  micrometer  and  driviag  clock  of  the  McCormick  itiKtru. 
ment  are  excellent,  while  the  Havcrford  ones  are  very  indifferent.  How- 
ever the  Haverford  series  of  measures  have  the  advantage,  in  that  they 
were  made  after  the  McCormick  series.  If  we  assume  that,  on  an  average, 
the  atmospheric  conditions  were  the  same,  we  ma^  consider  that  the  two 
series  of  measures  were  made  under  pretty  much  the  same  circumstances. 

The  observations  considered  were  madeby  myself,  the  McCormick  series 
in  1886,  the  Havcrford  series  in  1888.  The  probable  error  of  a  Stigk 
night's  observation  was  computed,  only  those  stars  being  used  which  were 


observed  at  both  places.    The  results  i 
where  P  tcpresents  the  probable  error  ir 


re  shown  in  the  following  table. 
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torn  to  observe  on  a  given  night  always  the  closest  and 
B  that  the  delinitian  would  allow,  The  number  of  diSi- 
idred  measures  will,  therefore,  furnish  another  means  of 
ui  average  there  were  20  measures  in  a  hundred  in  the 
McQormick  series,  where  the  distance  was  between  1  ".<!  and  0".5,  and  there 
were  5.7  measnres  where  the  distance  was  less  than  0".5.  In  the  Haver- 
ford  series  the  numbers  were  respectively  21  and  4.5. 

Again,  in  all  the  observations  with  the  McCormick  instrument  the  stars 
were  invariably  seen  as  easily  separated,  while  in  the  Havcrford  telescope 
the  most  difficult  ones  could  not  be  separated  but  merely  elongated. 


PhotagrBpbing  tbe  Corona  without  an  Eclipse.  From  a  lirief  account,  in 
the  December  Observatory,  of  experiments  by  Dr.  Huggins.  of  England,  it 
seems  that  astronomers  may  yet  hoiie  to  photograph  the  corona  without 
the  aid  of  an  eclipse.  This  most  delicate  work  needs  the  best  conditions  of 
atmosphere  possible,  which  the  climate  of  England  very  rarely  furoiabcs. 
Still  Dr.  Huggins,  after  watting  for  years  for  a  favorable  opportunity,  has 
realized  some  promise  of  success.  The  clear  atmosphere  of  Athens  is  to  be 
tried  in  the  hope  of  a  speedy  solution  of  this  most  interesting  probleni  of 
solar  physics.  At  Captain  Darwin's  suggestion,  Rev.  A.  J.  Perry  and  Mr. 
Taylor  were  to  try,  dnring  the  eclipse  of  Dec.  21,  to  learn  how  long  after 
totality  the  moon  could  be  seen  against  the  corona.  Tbe  Lick  party  ob- 
tained a  good  photograph  in  this  way  Jan.  1,  lU8d. 


Chamberlia  Obstrratory.  By  kiadness  of  Mr.  George  N.  Saegmuller, 
successors  to  Messrs.  Fanth  and  Company,  Washington,  D.  C.  we  have 
had  the  privilege  of  eKaaiimng  the  dri-wings  and  specificatjons  for  the 
mounting  of  the  new  20-inch  refractor  for  the  Chambwlin  Observatory  at 
Denver,  Colorado.  This  work  seems  to  combine  all  the  latest  and  be«t  im- 
provements known  to  modem  astronomy,  and  the  appearance  now  is  that 
Prolessor  Howe  will  have  the  satisfaction  of  using  one  of  the  finest  tele- 
scopes of  which  this  country  or  any  other  can  boast.  Attention  is  called 
to  Mr.  Saegmuller's  new  advertisement. 


Errata.    On  page  406,  Vol.  VIU,  line  lO.trom  the  top,  1887  should  be 
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MARY   W.    WHITNEY.* 


For  Thb  Mbssbmokb. 

Maria  Mitchell  was  bom  on  the  island  of  Nantucket  Aug. 
1,  1818.  Her  father  and  mother  were  both  Quakers,  and 
her  mother  was  descended  from  the  earliest  settlers  of  the 
island.  Her  father  had  a  natural  taste  for  scientific  study, 
and  throughout  his  active  life,  first  as  teacher  and  after- 
wards as  bank  cashier,  he  devoted  his  leisure  time  to  astro- 
nomical pursuits.  He  was  for  many  years  employed  by  the 
United  States  Coast  Survey  in  observations  pertaining  to 
the  survey  of  the  island.  In  these  observations  his  daughter 
began  to  assist  him  at  the  early  age  of  eleven.  Her  educa- 
tion was  the  best  Nantucket  could  afford,  of  a  thoroughly' 
substantial  but  simple  character.  It  gave  her  only  the  rudi- 
ments of  the  science,  and  the  mathematics  which  her  later 
studies  required.  When  eighteen  years  old  she  became  libra- 
rian of  the  Athenaeum  library,  an  excellent  library  well  sup- 
plied with  scientific  books,  and  attesting  the  intellectual 
character  of  the  Quaker  town.  In  the  reading  room  of  this 
library  Miss  Mitchell,  by  her  private  reading,  laid  the  foun- 
dations of  her  mathematical  knowledge.  Throughout  these 
years  she  continued  her  father's  assistant,  and  gradually 
passed  to  independent  observations.  She  swept  for  comets 
on  the  roof  of  the  Pacific  bank,  still  heading  the  main  street 
of  Nantucket.  She  found  several  before  their  discoverv  was 
known  to  her,  and  in  the  mean  time  was  training  herself  by 
her  study  for  the  investigation  of  the  positions  she  obtained. 
She  computed  several  orbits  from  her  own  observations. 
But  not  until  1847  did  she  sweep  her  glass  over  that  partic- 
ular comet  which  brought  her  to  the  notice  of  the  public. 

♦  Director  of  the  Observatory,  Vairaar  Collei^c,  Pout^hkeepsie,  N.  Y. 
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Of  this  she  was  original  discoverer.  A  more  extended  knowl- 
edge of  this  discovery  was  doubtless  brought  about  through 
the  conferring  of  the  Danish  medal.  Some  years  previous  to 
this  tile  King  of  Denmark  had  offered  medals  for  the  discov- 
ery of  comets,  his  object  being  to  incite  his  own  subjects  to 
a  more  zealous  pursuit  of  astronomical  investigation.  But 
the  medal  in  this  case  was  sent  across  the  Atlantic  to  the 
young  woman  in  Nantucket. 

The  public  interest  aroused  by  this  discovery  brought  to 
Miss  Mitchell  wider  opportunities.  A  Clark  telescope  of  6ve 
inches  aperture,  well  equipped  and  mounted,  was  presented 
to  her.  She  was  appointed  computer  for  the  American  Eph- 
emeris  and  Nautical  Almanac,  and  was  on  many  occasions 
employed  by  the  Coast  Survey  for  astronomical  work.  She 
traveled  abroad  and  met  the  leading  astronomers  of  Eng- 
land and  the  continent.  Sir  John  Herschel  and  Sir  George 
Airy  became  her  friends  and  maintained  correspondence  with 
her.  She  traveled  in  Europe  a  second  time  several  years 
later,  amj  during  this  tour  made  a  visit  to  the  famous  Rus- 
sian Obscrvatorv  at  Pulkowa.  Her  interest  in  conietary 
work,  both  practical  and  theoretical,  continued,  and  a/ter 
she  came  into  possession  of  a  well-mounted  instrument  she 
took  up  also  the  study  of  double-stars. 

In  X865  Miss  Mitchell  was  appointed  professor  of  Astron- 
omy at  Vassar  College,  This  college  for  young  women,  the 
pioneer  college  in  the  East,  was  opened  to  the  public  in  the 
fall  of  that  year,  Miss  Mitchell  had  not  sought  this  ap- 
pointment ;  she  did  not  regard  herself  as  especially  well  fitted 
to  teach  nor  as  possessing  those  gifts  which  fit  one  for  pro- 
fessional work.  Nevertheless  this  unsought  position  offered 
many  inducements,  and  Miss  Mitchell  had  naturally  become 
much  interested  in  the  extension  of  the  educational  oppor- 
tunities of  young  women.  Therefore  she  decided  to  enter 
the  new  field.  As  her  principal  duties  hereafter  were  those 
pertaining  to  the  class  room,  her  instrumental  work  was 
necessarily  curtailed,  but  her  interest  remained  unabated 
and  she  devoted  all  the  time  at  her  command  to  the  tele- 
scopes. Her  first  investigations  were,  of  course,  those  per- 
taining to  the  latitude  and  longitude  of  the  new  Vassar 
Observatory.  This  Observatory  had  good  glasses,  but  the 
mounting  of  both  transit  and  equatorial  offered  much  to  be 
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desired.  And  one  of  the  good  things  accomplished  by  Miss 
Mitchell  during  her  professorship  at  Vassar  was  the  im- 
provement of  the  equatorial  both  in  its  glass,  which  was  re- 
ctit  by  Clark,  and  in  its  mounting.  The  final  value  of  lati- 
tude adopted  was  secured  by  observations  with  a  zenith 
telescope  supplied  by  the  U.  S.  Coast  Survey.  The  final  long- 
itude determination  was  made  by  electric  connection  with 
Cambridge.  Miss.  Mitchell's  observations  with  the  equato- 
rial were  now  mainly  directed  to  Jupiter  and  Saturn. 
Several  of  her  papers  were  published  in  Silliman's  Journal. 
When  photography  l>ecame  valuablein  its  application  to  the 
study  of  the  solar  surface,  Miss  Mitchell  constructed  at  her 
own  expense  the  necessary  apparatus  for  photographing  the 
sun,  and  trained  her  students  to  take  these  photographs. 
Miss  Mitchell  was  associated  with  the  exi>edition  to  Bur- 
lington, Iowa,  made  under  the  direction  of  Professor  Coffin, 
Superintendent  of  the  Nautical  Almanac,  for  the  purpose  of 
observing  the  total  solar  eclipse  of  August  7th,  186y.  Her 
report  of  this  eclipse  is  contained  in  Professor  Coffin's  gen- 
eral report,  published  several  years  later.  Again  in  1878 
she  formed  a  part^-  of  her  own  for  observing  the  solar  eclipse 
of  that  year.    Her  station  was  then  at  Denver. 

Miss  Mitchell  held  the  chair  at  Vassar  until  close  upon  her 
seventieth  year.  She  then  resigned,  feeling  the  encroachment 
of  years,  and  retired  to  Lynn,  Mass.,  where  she  had  been 
living  at  the  time  of  her  summons  to  Vassar.  She  planned 
to  mount  again  her  five-inch  telescope  and  resume  in  a  leis- 
urely wa3'  her  work  upon  double-stars.  But  health  and 
strength  steadily  failed.    She  died  on  June  28th,  1889. 

Professor  Mitchell's  influence  as  a  teacher  was  of  the  high- 
est order.  It  was  helpful  and  stimulative.  Vassar  College 
has  owed  much  to  her.  Her  extended  reputation  added 
to  its  early  success,  and  her  force  of  character  was  a  bul- 
work  of  strength  in  its  initial  days,  when  its  object  met  but 
a  partial  public  sympathy-  and  its  position  was  still  in- 
secure. 


The  Sidereal  Messenger. 


A  VISIT  TO  SL,OUGM. 


EDGECOMB. 


T  TlIK    MMMBMCeil, 


The  yearly  visitors  to  Windsor  Castle  may  probably  1 
numbered  by  hundreds  of  thousands.  Those  who  go  by  the 
Great  Western  railway  leave  the  main  road  at  Slough,  and 
cross  the  Thames  upon  a  curved  line  of  rails,  which  reveal  as 
you  approach,  the  long  walls  and  lofty  towers  of  the  Castle. 

A  few  travelers,  animated  by  different  feelings  from  those 
of  the  great  majority,  turn  in  the  opposite  direction  and  seek 
the  quiet  churchyard  of  Stoke  Poges,  where,  amid  the  many 
mouldering  heaps  that  lie  in  that  peaceful  spot,  they  may  sit 
beside  the  grave  of  the  poet  Gray,  beneath  the  yew  tree's 
shade.  But  it  is  rare  that  a  traveler  stops  at  Slough  itself. 
and  reveals  to  those  about  the  station  tlie  bent  of  his  mind 
or  his  occupation,  by  inquiring  the  way  to  the  Herschel 
house,  or  the  place  where  the  great  telescope  once  stood. 

There  is  probably  no  spot  in  the  world  more  interesting  to 
astronomers  of  every  grade,  whether  professional  or  the 
youngest  amateur,  the  makers  or  the  users  of  telescopes, 
than  the  house  and  garden  which  are  associated  with  the 
life,  labors  and  discoveries  of  Sir  William  Herschel-  It  is  dif- 
ficult to  express  the  gratification  one  feels  whose  admiration 
of  Herschel  has  been  growing  almost  from  his  school  boy 
days,  and  who  finally  finds  himself  standing  before  the  mod- 
est house  where  he  lived.  It  stands  close  to  the  street,  in  a 
pleasant  part  of  the  town,  a  few  minute's  drive  from  the  sta- 
tion, and  would  seem  to  afi'ord,  even  now,  all  the  quiet  and 
seclusion  an  astronomer  could  desire. 

It  has  the  name  "Obser\-atory  House"  upon  the  gate-post 
in  accordance  with  a  very  pretty  custom  among  the  English 
people  of  giving  names  to  their  houses  especially  in  the 
smaller  towns,  and  the  suburbs  of  the  larger  ones.  Everyone 
will  be  pleased  to  know  that  after  having  been  in  the  posses- 
sion of  others  for  many  years,  the  house  is  now  again  occu- 
pied by  members  of  the  family,  the  children  of  Sir  John  Her- 
schel ;  and  the  pleasure  of  a  visit  is  greatly  enhanced  by  their 
kind  and  hospitable  reception  and  their  evident  enjoyment 
of  the  interest  manifested  by  the  visitor. 
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Upon  making  known  our  errand,  we  are  asked  to  enter  the 
house,  and  find  ourselves  in  a  little  reception  room,  or  hall. 
Here  our  attention  is  at  once  attracted  by  a  fine  specimen  of 
the  Herschel  six-inch  telescope,  the  size  most  used  by  himself, 
and  of  which  he  made  so  many  for  others.  It  is  of  mahog- 
any, very  neatly  finished,  with  octagonal  tube,  and  the 
rather  cumbersome  framed  stand  with  which,  I  believe,  all 
the  telescopes  of  this  size  were  furnished.  The  instrument, 
with  .the  exception  of  the  mirror,  was  probably  the  work  of 
his  brother  Alexander.  The  polish  of  the  mirror  is  still 
good,  and  the  flat  and  eye-piece  holder  are  in  perfect  work- 
ing order.  The  adjustment  for  focus  in  this  instrument  is 
made  by  sliding  a  brass  plate,  which  carries  the  flat-arm  and 
eye-tube  up  and  down  the  main  tube  between  guide  pieces, 
so  that  both  flat  and  eye-piece  move  together  towards  or 
away  from  the  great  mirror. 

One  can  hardly  resist  the  wish  to  try  its  performance  upon 
some  of  Herschel's  own  objects, — Castor,  or  «  Herculis,  or  r^ 
Coronae,  or  the  Debilisima.  These  latter  Herschel  could  not 
see  with  his  six-inch  mirrors,  but  one  can  hardly  doubt  that 
now  thev  would  be  revealed  bv  one  of  them.  And  then  the 
question  would  be,  have  the  stars  grown  brighter,  or  have 
the  eyes  of  modem  observers,  by  some  kind  of  evolution. 
and  under  the  spur  of  practice,  competition,  or  desire,  grown 
ir.orc  sensitive  ? 

After  a  loving  inspection  of  this  instrument,  our  host  asks 
us  to  turn,  and  there,  on  the  other  side  of  the  room,  partly 
concealed  by  flowers  and  a  bunch  of  bracken  from  the 
'*Bumham  Beeches,''  to  which  he  has  lately  made  an  excur- 
sion, shines  the  broad  face  of  the  speculum  of  the  **  forty- 
foot"  telescope.  We  should  know  it  anywhere.  We  knew 
that  it  was  sealed  up  within  the  tube  by  Sir  John  Herschel, 
upon  the  merry  occasion  in  1839,  when  the  tube  was  low- 
ered to  the  ground  and  placed  horizontally  across  the  circle 
ocicupied  by  the  mounting ;  and  that,  before  the  mirror  was 
finally  replaced,  a  long  table  was  arranged  within,  at  which 
all  the  little  ones  feasted;  and  then,  each  provided  with  a 
hammer,  they  **  made  the  old  telescope  rattle  and  ring,"  ail 
as  described  in  Newcomb's  **  Popular  Astronomy."  But  we 
now  learned  that  some  years  afterwards  a  great  tree  fell 
across  and  broke  the  tube,  but  fortunately  without  injuring 
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the  speculum.  Some  ten  or  twelve  feet  of  the  tube  was  then 
cut  off  and  taken  to  one  side  of  the  garden,  and  carefully 
placed  upon  a  portion  of  the  original  supports,  while  the 
mirror  was  brought  into  the  house  and  securely  suspended 
by  an  iron  ring  or  strap,  within  the  recess  in  the  wall  of  the 
reception  room  where  we  then  saw  it.  Our  host  was  one  of 
the  "little  ones"  who  feasted  in  the  great  tube  with  the 
happy  party  of  1839,  and  remembers  well  the  racket  made 
by  their  hammers,  no  small  share  of  which  he  claims  to -have 
contributed. 

And  there  is  the  great  mirror,  with  its  three-quarters  of  a 
ton  of  metal.  Its  surface  is  bright,  but  plainly  not  from  the 
original  polish.  A  network  of  fine  scratches  plainly  shows 
that  hands  far  from  having  any  claim  to  optical  skill  have 
been  at  work.  But  a  pritcticed  eye  may  readily  determine 
what  its  original  surface  was.  It  had  undoubtedly  a  high 
and  brilliant  luster.  Here  and  there  a  short  scratch,  with 
edges  rounded  by  subsequent  polishing,  reveal  the  accidental 
work  of  stray  bits  of  emery  while  under  the  hands  of  its 
maker,  and  suggest  to  the  mind  the  vexation  with  which  he 
viewed  them  after  perhaps  long  hours  of  ^vork,  which  he 
hoped  would  leave  him  a  perfect  surface.  But  there  were 
only  a  few  of  these,  while  the  great  casting  was  a  most 
excellent  one  with  scarcely  a  pit  or  blemish  in  its  whole  area. 
Only  those  who  have  cast,  ground,  and  polished  mirrors  of 
speculum  metal,  even  of  small  dimensions,  can  fully  appre- 
ciate the  herculean  nature  of  the  task  thus  accomplished. 

Probably  a  somewhat  im]jerfect  figure  prevented  the  per- 
formance that  its  great  size  gave  hope  of,  and  explains  the 
meagre  reports  of  the  appearance  of  objects  seen  by  it.  ex- 
cept where  light  alone  was  required.  For  even  inside  the 
marginal  inch,  not  measured  in  the  well  known  statement  of 
its  dimensions,  a  practiced  eye,  again,  may  plainly  see  that 
the  edge  is  flattened  or  rounded,  denoting  over  correction, 
and  good  definition  could  probably  only  be  obtained  by  the 
use  of  a  rather  broad  diaphram. 

But  the  garden  now  remains  to  be  visited,  and  with  un- 
abated interest,  we  pass  to  the  rear  of  the  house  and  step 
out  upon  the  historic  ground.  A  quadrangle  presents  itself 
measuring  perhaps  seventy-five  hy  two  hundred  feet,  sur- 
rounded bv  a  ncativ    trimmed 
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smooth  grassy  sod,  of  that  lovely  rich  green  which,  even  in 
November,  delights  the  eye  of  the  American  visitor  to  Eng- 
land. Smooth,  except  that  nearly  in  the  center  is  a  square 
block  of  cut  stone,  upon  which  rests  a  disc  of  iron,  the 
grinder  for  the  great  mirror.  About  this  a  ring  of  gently 
heaped  earth  indicates  the  foundation  of  the  circular  bed  up- 
on which  the  mounting  revolved,  with  its  spars  and  braces, 
its  cross-bars,  platforms  and  hoisting  tackle. 

It  is  just  a  hundred  years  since  the  great  telescope  was 
completed  as  signaled  by  the  discovery  of  Enceladus.  An 
upper  story  has  been  added  to  the  house,  but  its  lower  part 
with  the  garden  and  its  surroundings  have  scarceh' changed. 
As  we  stand  within  the  grass  grown  circle,  the  remark  of 
the  French  astronomer  comes  vividlv  to  mind:  ** There  is 
no  spot  in  the  world  where  so  many  astronomical  discov- 
eries have  been  made  as  in  that  little  garden  at  Slough.'' 

It  is  a  pleasant  room  in  the  house,  the  windows  of  which 
look  out  upon  the  garden;  and  at  one  of  these  the  gentle 
sister  of  our  guide  and  host  appears,  enjoying  the  pleased 
interest  with  which  we  e.^amined  th^  place  and  all  that  it 
contains;  and  it  is  not  at  all  difficult  to  trace  in  her  features 
a  resemblance  to  her  illustrious  aunt,  the  loving  companion 
of  the  labors  of  him  who  made  the  place  historic. 

Far  above  the  roof  of  the  house  must  have  towered  the 
mass  of  timber  and  the  black  tube  suspended  in  the  midst  of 
it.  The  creaking  of  blocks,  and  the  heavy  rumble  of  the 
wheels  upon  the  rails  of  the  great  circle,  as  the  instrument 
was  slowly  raised,  lowered  or  swung  in  azimuth,  must  have 
been  a  familiar  nightly  sound  here  a  hundred  years  ago. 

The  speculum  end  of  the  tube,  neatly  painted  and  well- 
preserved,  stands  at  one  side.  It  is  a  substantial  piece  of 
iron  work,  well  fitted  to  sustain  the  weight  of  the  speculum. 
and  if  the  whole  instrtment  was  of  similar  workmanship, 
there  were  weight  and  strength  sufficient. 

At  one  comer  of  the  garden  stands  the  little  house  used  by 
Sir  William  and  his  sister  as  the  manuscript  or  computing 
house.  It  is  unchanged,  and  one  goes  almost  reverently  in- 
to the  principal  room,  the  windows  of  which  also  look  out 
apon  the  garden,  and  from  which  the  telescope  was  in  full 
view.  Here  in  the  quiet  hours  the  patient  sister  sat,  writing 
as  the  words  of  her  brother  came  to  her  ears  describing  now 
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a  nebula  or  a  cluster,  now  the  colors  of  a  double-star,  or 
perhaps  giving  the  number  of  a  count  of  a  field  of  stars ;  in- 
termingled, wecanuot  doubt,  with  expressions  of  astonish- 
ment, wonder,  or  delight,  at  the  magnificent  scenes  that  con- 
tinually presented  themselves  to  his  sight.  Perhaps  it  is  an 
August  night,  and  portions  of  the  Milky  Way  in  Cygnus  or 
Sagitarius  are  sweeping  across  the  field ;  or  it  may  be  in  the 
frosty  air  of  a  winter  evening,  as  the  glories  of  Orion  or 
Gemini  stream  upon  his  vision,  flashed  from  the  upturned 
face  of  the  great  specnlum. 

In  a  rear  room  of  the  computing  house  are  tools  used  by 
Sir  William,  Alexander,  and  Sir  John  Herschel,  and  in  an  up- 
per room  is  preserved  a  part  of  the  polishing  apparatus  for 
the  four-foot  speculum.  It  is  the  segment  and  arm  for  grasp, 
ing  and  rotating  the  polisher,  as  figured  in  Sir  John  Her- 
schel's  book  on  the  "  Telescope." 

Here,  as  he  worked,  the  astronomer  grew  old,  and  saw 
the  long  night  approach  in  which  there  is  no  observing. 
With  what  regret  must  he  have  felt  the  slow  increasing 
weight  of  years,  and.  with  the  consciousness  of  so  much  yet 
remaining  to  be  seen,  how  sadly  as  he  climbed  into  the  little 
observing  house  at  the  mouth  of  the  great  tube,  must  he 
have  thought,  that  soon  he  would  turn  his  eye  from  the  eye- 
piece and  his  hand  from  the  adjusting  screw  for  the  last 
time. 

Here,  as  a  child  Sir  John  Herschel  played  and  climbed 
about  the  mechanism  of  the  great  telescope,  and  here  he  be- 
gan the  labors  which  so  fitly  supplemented  those  of  his 
father.  Here  he  prepared  the  mirrors  with  which  his  obser- 
vations at  the  Cape  of  Good  Hope  were  made.  After  his  re- 
turn he  settled  in  Kent,  but  the  Slough  estate  was  retained, 
and  four  childreu,  two  sons  and  two  daughters,  have  now 
made  it  their  permanent  home.  Astronomers  may  l>e  as- 
sured of  a  cordial  and  kindly  welcome.  Two  were  at  home 
on  the  day  of  our  visit.  Colonel  A.  S,  Herschel,  and  a  sister; 
both  were  bom  at  the  Cape  of  Good  Hope,  and  their  earliest 
recollections  are  associated  with  the  astronomical  work  of 
their  father.  The  eighteen-inch  mirrors  used  for  the  Cape 
observations  are  in  possession  of  one  of  the  sons,  and  arc 
closely  sealed  for  preservation. 

As  we  left  the  house  the  wind  from  the  south  brought 
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to  our  ears  the  faint  notes  of  a  bugle  from  the  walls  of 
Windsor  Castle.  One  can  but  feel  grateful  to  one  occupant 
of  that  royal  keep,  the  monarch  who  could  find  time,  even 
while  devising  plans  for  uncivilized  warfare  upon  his  rebell- 
ious subjects  in  America,  or  for  thwarting  the  wishes  and  in- 
terests of  the  people  of  London,  to  honor  himself  ahd  his 
reign  by  the  aid  given  to  the  humble  musician  of  Hanover, 
compared  with  whom  Pitt  and  Burke  and  Fox  and  **  all  the 
king*s  counsellors'*  sink  into  insignificance.  One  can  imag- 
ine the  vexation  with  which  Herschel  might  receive,  on 
some  clear  night  when  he  hoped  for  a  period  of  uninter- 
rupted observation,  a  gang  of  cavaliers  from  the  Castle,  who 
thought  they  must  imitate  the  king  by  patronizing  the  great 
telescope  and  its  maker. 

Nor  could  we  forbear  the  comparison  between  the  enjoy- 
ment our  visit  had  afforded,  and  that  of  the  police-conducted 
assemblage  that  is  permitted  hourly  to  gaze  upon  the  royal 
trappings  of  the  state  apartments  of  Windsor. 
London,  Dec.  15,  1889. 


LETTER    FROM    THE    SUPERINTENDENT    OF    THE    NAVAL 

OBSERVATORY. 


I  have  the  honor  to  acknowledge  the  receipt  of  your  letter 
of  the  6th  instant,  in  which  3'ou  quote  from  a  communica- 
tion from  "the  Director  of  one  of  our  prominent  Observa- 
tories" the  following:  **The  Superintendent  of  the  Naval 
Observatory  takes  the  position  that  he  is  bound  to  furnish 
time  signals  from  the  U.  S.  Naval  Observatory  to  the  West- 
em  Union  Telegraph  Company.  If  the  Company  uses  these 
time  signals  to  crush  out  private  Observatories  it  is  some- 
thing which  the  superintendent  cannot  help,  and  for  which 
he  is  not  responsible.** 

As  Professor  Pritchett  is  the  only  Director  of  an  Observa- 
tory w^ith  whom  I  have  ever  had  any  correspondence  or  held 
any  conversation  on  this  matter,  there  can  be  no  doubt  that 
your  information  comes  directly  or  indirectly  from  him.  In 
either  case  I  feel  justified  in  sending  you  the  entire  correspon- 
dence between  him  and  myself  (inclosures  marked  A,  B,  and 
C),  for  it  shows  precisely  what  I  wrote,  and  from  it  as  a 
whole  just  conclusion* can  be  drawn. 
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Any  fair-mincted  man  will  conclude  from  my  letter  of  Aug. 
27,  1889,  that  after  reading  the  circulars  issued  by  the 
Western  Union  Company,  I  declared  that  I  could  not.  on  the 
evidence  presented,  dispute  a  right  which  had  been  acquired 
long  before  my  connection  with  the  Xaval  Observatory.  My 
letter  invites  the  production  of  proofs  to  substantiate  asser- 
tions made  by  Professor  Pritchett,  of  which  those  circulars 
gave  no  evidence,  and  declares  a  purpose  to  make  proper  use 
of  such  proofs.  It  goes  further;  it  leaves  entirely  to  the  will 
of  Professor  Pritchett  whether  or  not  his  communication 
shall  Ije  made  the  basis  upon  which  I  could  institute  an  in- 
vestigation of  the  matter.  What  more  could  any  one  have 
done  under  the  circumstances?  From  Professor  Pritchett's 
reply  it  is  manifest  that  he  was  satisfied,  for  the  time  being, 
at  least,  with  the  terms  of  my  letter,  and  did  not  desire  to 
press  the  matter  of  the  Western  Union  Company's  interfer- 
ence with  his  business. 

This  is  the  only  instance  to  which  my  attention  has  been 
officially  called  of  the  aggressions  of  the  Western  Union 
Telegraph  Company  upon  any  Observatory ;  and  the  corres- 
pondence in  this  case  speaks  for  itself 

While  the  significance  of  the  clause  in  my  letter,  "The  right 
of  the  Western  Union  Company  to  so  use  our  daily  signal  I 
cannot  dispute;  it  rests  upon  an  arrangement  in  existence 
long  before  I  came  to  the  Observatory,"  was  fully  under- 
stood by  Professor  Pritchett,  who  is  quite  familiar  with  the 
steps  that  have  led  to  the  existing  arrangement,  it  may  not 
lie  so  to  others.  I  shall  therefore  refer  as  briefly  as  possible 
to  the  historj'  of  this  arrangement.  From  the  disconnected 
correspondence  on  the  subject  at  hand  and  from  information 
given  by  officers  who  were  connected  with  the  Observatory 
whenthe  arrangement  was  entered  into,  I  gather  the  follow- 
ing: 

The  Western  Union  Telegraph  Company  has  been  receiv- 
ing Observatory  time  since  about  1863,  In  December,  1876. 
the  Superintendent  of  the  Observatory  formally  proposed  to 
the  Vice-President  of  the  Western  Union  Company  that  time 
should  be  sent  to  a  prominent  jeweler  in  Leavenworth  who 
had  made  written  application  to  him  for  it,  and  also  for  the 
use  and  convenience  of  large  cities,  It  was  not  until  after 
considerable  delay,  and  importunity  on  the  part  of  Observa- 
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tory  officials,  that  the  Western  Union  Company  consented 
to  the  arrangement.  The  time  service  then  had  little  or  no 
commercial  value,  and  it  is  doubtful  whether  the  Company 
was  remunerated  for  its  trouble  and  expense,  certainly  not 
to  any  great  extent  when  it  is  considered  that  exchange 
longitude  signals  (including  the  service  and  time  of  Western 
Union  officials),  signals  to  time-ball  station  and  other  public 
points  were  sent  without  charge.  On  this  point,  however, 
I  have  no  definite  information  and  only  suggest  a  proba- 
bility. 

Under  these  conditions  it  can  be  easily  understood  that  I 
was  not  willing  to  ask  the  Navy  Department  (for  I  have  not 
the  authority  to  do  so  myself)  to  discontinue  a  long  estab- 
lished practice  without  some  kind  of  investigation  into  al- 
ledged  abuses  of  it,  and  this  investigation  was  not  desired 
by  one  of  the  most  largely  interested  persons  whose  rights, 
it  is  claimed,  are  threatened. 

The  correspondence  between  Professor  Pritchett  and  my- 
self shows — 

1st.  That  I  was  willing  upon  definite  evidence  to  act  in 
the  matter  complained  of. 

2d.  That  I  was  willing  to  accept  the  letter  of  Professor 
Pritchett  as  a  sufficient  basis  upon  which  to  open  an  investi- 
gation. 

3d.  That  Professor  Pritchett  was  unwilling  to  assume  the 
responsibility  for  the  charges  he  made. 

4th.  That  Professor  Pritchett  (perhaps  not  directly  but 
by  inference),  asked  me  to  assume  a  responsibility  that  he 
himself  wished  to  evade. 

5th.  That  the  only  complaint  that  has  ever  reached  me  in 
proper  form  was  dropped  at  the  request  of  the  complainant. 

The  attitude  which  this  Observatorv  has  assumed  towards 
the  Western  Union  Company  as  transmitters  of  time  is 
clearly  shown  in  a  letter  to  Messrs.  John  Bliss  &  Co.  I  in- 
close a  copy  of  it  marked  D.  It  was  written  in  reply  to  an 
application  from  Messrs.  Bliss  &  Co.  for  a  table  of  correc- 
tions during  a  long  interval  of  bad  weather.  It  emphati- 
cally points  out  that  this  Observatory  does  not  recognize 
any  relation  with  the  Western  Union  Company's  business, 
and  that  it  declines  to  furnish  information  concerning  sig- 
nals transmitted  by  that  company.   So  much  for  your  letter. 
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I  now  come  to  an  article  published  in  the  December  num- 
ber of  The  Sidereal  Messenger,  headed  "Observatory 
Local  Patronage  Threatened." 

In  it  it  is  stated  that  "the  general  officers  of  tiiis  comruer- 
"cial  company  (which  we  will  now  name  as  the  Western 
I'nion  Telegraph  Company)  interviewed  the  Supcrintcridenl 
of  the  U.  S.  Naval  Observatory,  and  sought  and  obtained  of 
that  officer,  as  they  say,  certain  definite  contract  relations 
by  which  the  telegraph  company  should  have  the  privilege 
and  right  to  use  the  time  of  the  U.  S.  Naval  Observaton,- 
for  its  own  uses  in  commercial  sale  and  barter."  By  the  in- 
sertion of  the  words,  "they  say,"  you  place  the  responsibil- 
ity of  this  assertion  upon  the  officers  of  the  Western  Union 
Telegraph  Company.  From  whatever  source  it  comes  it  is 
absolutely  without  foundation.  The  present  superintendent 
of  the  Naval  Obser^-atory  (and  he  is,  from  the  context,  the 
one  meant),  has  never  had  any  correspondence,  interview, 
or  communication  of  any  kind  with  an  official  of  the  West- 
em  Union  Company,  on  this  or  any  kindred  subject,  or 
branch  of  it,  except  to  call  for  circulars  as  mentioned  in  my 
letter  to  Professor  Pritchett,  the  following  being  the  whole 
of  the  language  used ;  "  Please  send  me  copies  of  all  circulars 
of  the  company  relating  to  the  distribution  of  time,  in  which 
the  Naval  Observatory  is  mentioned  or  referred  to  and 
oblige,"  etc, 

In  this  connection  I  beg  to  retuni  to  your  letter  of  Dec.  C.  ■ 
and  to  invite  a  comparison  of  the  following  paragraph  from 
it  with  the  language  of  your  published  article.  You  write, 
"While  ill  conversation  with  a  Vice-President  of  the  Western 
Union  Telegraph  Company  a  few  days  ago,  he  stated  to  me 
that  his  company  was  under  contract  relations  with  the 
National  Observatory  by  which  they  were  entitled  to  use 
the  Washington  time  throughout  the  United  States  for  such 
purposes  as  they  w*ished  in  their  commercial  business." 
From  the  following  sentence  in  the  published  article — "This 
is  no  secret  on  the  part  of  the  telegraph  companj-,  for  the 
writer  has  heard  a  Vice-President  of  the  company  ver\'  freely 
speak  of  the  matter"— it  is  fair  to  presume  that  the  conver- 
sation with  the  official  alluded  to  in  your  letter  is  the  source 
of  information  upon  which  your  article  is  based.  Now  ac- 
cording to  your  letter  the  Western  Union  official  said  that  a 
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contract  relation  exists  between  this  Observatory  and  his 
company  and  nothing  more.  While  the  old  arrangement  by 
which  the  Western  Union  Company  receives  our  time  signal 
cannot  be  called  a  contract,  it  is  the  only  agreement  with 
the  Observatory  that  exists,  and  in  the  absence  of  any  proof 
that  the  Western  Union  official  is  not  honest  and  truthful,  it 
is  reasonable  to  assume  that  he  alluded  to  it.  If  he  did,  you 
have  not  fairly  quoted  him,  but  have  put  upon  his  language 
an  interpretation  which  is  stretched  far  beyond  the  limits  of 
truth.  This  is  an  issue  between  yourself  and  the  Western 
Union  official. 

The  article  further  states — **  Whatever  arrangements  the 
Superintendent  of  the  United  States  Naval  Observatory  en- 
tered into  with  the  telegraph  compan\'  named,  by  which  it 
was  deemed  wise  to  permit  this  kind  of  an  attack  to  be 
made  on  the  local  financial  support  of  the  Observatories  of 
the  country,  is  not  apparently  ver3'  easy  to  find  out."  It 
also  speaks  of  **  this  rather  extraordinary  transaction  be- 
tween a  government  Official  and  a  private  telegraph  com- 
pany by  which  the  rights  and  interests  of  educational  insti- 
tutions of  the  land  arc  put  in  hardship  with  the  prospect  of 
financial  loss,  to  increase  the  business  of  a  private  telegraph 
company,"  etc.  For  these  two  paragraphs  3'ou  seem  to  as- 
sume the  responsibility. 

As  any  arrangement  of  a  public  and  official  nature  could 
very  easily  be  found  out,  it  must  be  inferred  that  you  intend 
to  imply  that  some  private  arrangement  has  been  entered 
into  between  myself  and  the  Western  Union  Company. 

This  implication  and  the  inferences  to  be  drawn  from  it,  as 
well  as  from  the  last  above  quotation  from  your  article,  are 
absolutely  false.  I  have  no  connection  of  an3'  kind  with, 
nor  interest  in,  the  Western  Union  or  any  other  time  com- 
pany;  nor  have  I  had  such  connection  or  interest. 

In  conclusion  I  must  say  thpt  this  positive  denial  of  the 
unwarranted  and  unjust  reflections  upon  me  will  be  my  last 
communication  upon  the  subject.  The  controversy  which 
has  inspired  your  uncalled  for  attack  upon  me  is  a  purely 
business  fight  between  persons  or  corporations  engaged  in 
transmitting  time  for  a  money  consideration,  with  which  I 
have  nothing  to  do;  and  although  all  my  sj'mpathies  are 
with  the  Observatories  whose  revenue  from  time  service  is 


devoted  to  Observatory  purposes,  I  cannot  be  drawii  into 
the  conflict.  The  efforts  which  1  have  made  (and  BUccessftillv 
in  most  cases)  to  use  this  Obsciratory  in  forwarding  the  in- 
terests of  other  Observatories  with  which  I  have  had  rela- 
tions will.  I  believe,  be  a  sufficient  defense  against  any  fur- 
ther attempts  on  the  part  of  your  paper  to  create  the  im- 
pression that  I  am  inimical  to  sister  institutions. 

Vou  are  at  liberty  to  make  this  letter  public,  with  this  pos- 
itive restriction,  that  no  part  of  it  shall  be  published  unless 
every  word,  including  inclosures.  is  embraced  in  the  same  ar- 
ticle. Indeed  it  is  my  wish  that  you  do  so,  and  such  a  course 
seems  the  only  fair  one  open  to  you.  The  position  in  which 
your  article  places  me  before  your  readers  (among  whom  I 


have  many  friends)  is  sufficient 
have  used. 


for  the  plain  terms  I 


S^.  Lons,  Aug.  8.1881 


I 

II  rt^ 


CHptain  R.  L.  Fhxthiaii,  V.  S.  A'., 

Svpt.  I'.  S.  N.  Obserratoi:):  Washington,  I).  C; 

Ubar  Sik;    1  iKg  to  ask  your  kiiitUj  oflicts  in  the  followiag  matter^ 

The  Western  Union  Ciimpony  has  recently  served  notice  apttn  nil  W 
ronds  using  our  time  that  thc.v  would  be  expected  to  lake  time  signttls  here- 
after from  Wnshinglon  through  the  Wcstcm  Union  Company.  In  this 
(lotice  tiic  companj-  assumes  to  control  the  government  time  service,  for 
which  it  alone  contracts,  and  alludes  to  the  Bcn-ice  mnintained  by  Ihc  other 
Observntories  os  "rival  service."  The  compnny  also  attempts  under  its 
contracts  with  the  railroads  to  prevent  us  from  running  oQr  wires  hito  Ibr 
offices  of  such  roads  as  desire  to  retain  the  present  arrangement. 

The  Wcstcm  Union  Company  also  announces  that  time  signals  will  Ik 
funiishci)  from  the  Naval  Observatory  at  any  hfiur  desired  and  in  bccotxI- 
nnce  with  the  exact  i>rogramme  we  have  been  using, 

I  write  to  you  in  the  matter  because  I  am  ted  to  believe  that  0  rci]iH.-Bt 
from  you  to  the  Western  Union  Company  to  limit  the  use  of  the  Naval  Ob- 
servatory signnla  to  the  pnrt  of  the  country  not  already  furnished  with 
time  signals  would  have  great  weight  not  only  with  them  but  also  with 
the  railroads  themselves.  1  feel  <|uite  sure  that  if  yon  were  nwurc  of  tile 
manner  in  which  tlie  National  Ol>se>vaiory  is  being  placed  before  the  coun- 
try in  the  matter  you  would  l>c  glad  to  correct  some  of  the  impreasioits 
that  are  being  sent  out. 

The  way  in  which  the  company  is  to  operate  in  some  of  the  dties  will 
result.  I  am  sure,  in  bringing  more  or  leas  discredit  on  the  Observatory  time 
service.  "Master  clocks."  os  they  are  called,  are  to  be  established  at  var- 
ious places  ironi  which  time  signals  arc  to  be  sent.  As  these  signals  will 
purport  to  give  the  Observatory  time  the  Observatory  is  certain  to  come  In 
for  the  credit  of  the  errors  which  arc  sure  to  come  about  in  any  such  sjrs- 
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As  the  matter  is  one  of  ven'  great  importance  to  us  I  trust  that  3-ou 
will  be  willing  to  take  such  action  as  I  have  requested. 

I  am  ver>'  respectfully, 

H.  S.  Pritchett, 

Director  Observatorv*. 

B. 

U.  S.  Naval  Obskrvatorv,  Washington.  Aug.  27, 1889. 

Processor  H.  S.  Pritcbett, 

Observatory  of  Washington  University,  St.  Louis,  Missouri  : 

Dear  Sir:  Upon  the  receipt  of  your  letter  of  Aug.  8, 1889, 1  wrote  to 
the  Western  Union  Telegraph  Company,  asking  for  cojnes  of  all  circulars  is- 
sued bv  them  in  which  the  Naval  Observatorx'  is  mentioned.  Thev  have 
sent  mc  three,  viz : 

1st.  Catalogue  of  self-winding  synchronized  clcnrks  as  furnished  by  the 
Self-Winding  Clock  Company,  New  York. 

2d.  Self-winding  Clock  Company- 's  synchronized  clocks  and  daih'  time 
signals. 

3d.  Synchronized  self-winding  clocks,  corrected  daily  b^*  telegraphic  tijne 
signals  from  the  Naval  Observ'f^torj',  Washington.  D.  C.  Also  a  4-th  which, 
"with  a  very  slight  modification  of  title,  is  the  same  as  No.  2. 

In  these  circulars  it  is  announced  that  clocks  will  Ije  corrected  daily  by 
sigmals  from  the  Naval  ObservatorN'.  The  right  of  the  Western  Tnion  Com- 
pany to  use  our  daily  signals  I  cannot  dispute;  it  rests  upon  an  arrange- 
ment in  existence  long  Ixjfore  I  came  to  the  Observatory-  and  any  attempt 
on  my  part  to  restrict  them  to  prescrilxjd  limits  would  l)e  futile. 

I  presume  that  the  term  "rival  service"  is  intended  to  express  the  rela- 
tion between  the  Western  Union  Company  as  transmitters  of  time,  and 
other  persons  engaged  in  the  same  business.  But  if  you  can  jxiint  out  to 
me  that  the  expression  has  lx^en  used  to  convey  the  impression  that  this 
Observatory  can  be  regarded  in  the  light  of  a  rival  to  any  other  Observa- 
tory in  transmitting  time,  I  shall  l>e  greatly  obliged  to  you  for  the  informa- 
tion and  shall  make  proper  use  of  it. 

Again  I  shall  be  obliged  to  you  if  you  will  indicate  how  I  may  learn  that 
the  Western  Union  Company  has  made  any  other  j)ledge  for  this  Observa- 
torj'  than  to  transmit  daily  noon  signals  (except  in  case  of  failure  at  noon 
when  a  later  signal  will  be  sent ). 

Furthermore,  I  would  esteem  it  a  great  favor  to  lie  informed  of  any  ar- 
rangement by  which  time  transmitted  by  **  master  clocks,"  or  by  anj-  other 
means  than  our  noon  signals,  is  to  lie  designated  as  **  Washington  Obser- 
vatorr  Time."  I  would  also  thankfully  receive  information  that  the  West- 
em  Union  Company  has  issued  any  other  circulars  than  those  enumerated 
above,  in  which  this  Obser>'atorv  is  mentioned. 

I  have  regarded  your  letter  of  August  8  as  confidential  as  far  as  the 
Western  Union  Company*  is  concerned,  and  have  not  felt  at  liberty  to  ac- 
quaint that  company  of  its  contents.  If,  however,  you  are  willing  that  the 
letter  shall  be  treated  as  official,  I  shall  call  upon  the  General  Manager 
of  the  Western  Union  for  an  explanation  of  the  unwarranted  use  of  the  name 
of  the  Obsenratoiy  which  you  assert  is  being  made.    Verj'  respectfully, 

R.  L.  Phythian.  Captain,  U.  S.  N.,  Superintendent. 


The  SidercBl  Messenger, 


Captain  R.  L.  Pbythiaa.  V.  S.  N.. 

Siipt.  U.  S.  N.  Obaerratory,  Washington,  D.  C: 

Daer  Sir  ;  ^1  beg  to  acknowledge  the  receipt  of  your  very  kind  let 
Aug.  37,  whicll  I  bave  just  received  on  returning  from  a  month's  i 
the  West. 

The  announcements  to  whkh  1  particularly  referred  were  mndc  by  U 
canvftsserB  for  the  Western  Union  Company  and  by  the  local  snperintcndnrt 
in  personal  letters  to  railroad  managers  which  were  shown  to  me  but  of 
which  I,  of  course,  have  no  copy.  These  letters,  of  course,  urged  the  mana- 
gers of  roads  using  our  service  to  change  and  promised  a  service  at  tlie 
same  hour  and  sent  in  accordance  with  the  prtiffr^inme  we  use.  Whnt  I 
particularly  desired  to  know  was  whether  such  signals  would  lie  sent  from 
the  Observatory  at  various  hours. 

Since  writing  to  you,  and  a  tew  days  before  my  departure  for  the  West, 
I  had  an  interview  with  the  Western  Manager  of  the  tel^raph  company  to- 
gether with  certain  representatives  of  the  railroads,  which  gives  me  reaaoa.   , 
to  expect  that  the  matter  will  be  arranged   in  a  sntisfiietory  niai 
shall  therefore  ask  that  you  will  consider  both  my  former  letter  a 

Thanking  you  again  for  your  cordial  reply,  1  am. 

Very  respectfully  yours. 

H.  S,  Pritchbti 


Nat.vi.  Obsekvatorv,  Wasrin'CTon.  Nov,  2,  ISHt^ 
Dear  Sirs  :    Yotir  letter  of  October  29th  Ima  been  received  and  lt4 

tents  carefully  considered.     It  is  obser%'ed  that  a  comparison,  the  n       

which  I  do  not  understand,  has  been  made  between  the  |so-cntled  ObtctV- 
utory  signals  and  a  Western  Union  clock ;  also  that  the  rccortl  of  Mr.  llam- 
blet's  chronpgraph  has  played  some  |iart  in  determining  corrections  to 
signals  rccdvfd  by  you.  In  short,  it  is  apparent  that  you  have  been  receiv- 
ing what  punK>rt9  to  be  Naval  llhservntory  time  through  devices  over 
which  we  have  no  control,  and  whose  use  we  have  at  all  times  discoui^ 
aged.  Under  these  circumstances  I  must  decline  to  furnish  you  with  Ilie 
corrections  asked  for. 

If  you  will  arrange  to  receive  our  signal  on  a  chronograph  (or  in  any 
other  apjiroved  manner),  in  your  own  establishment  so  that  it  will  be  re- 
corded by  the  impulse  sent  from  this  Observatory,  without  the  intervention 
of  transmitting  clocks,  or  other  devices.  I  shall  gladly  send  you  from  time 
to  time  a  table  of  such  small  errors  as  occur  during  long  intcrvola  of 
weather  unfavorable  for  observation,  and  of  the  small  corrections  to  t 
clock's  rate  found  by  back  interpolation.  In  other  words,  I  win  anp] 
with  corrections  to  our  ttirect  signal  which  will  give  you  time  lor  wU 
are  willing  to  be  ifsponsibk. 

Very  respectfully, 

K.    L.   PHrTHLA 

Captoin  I'.  S.  N..  Superintendent. 
Mtssrs.  John  Bliss  &  Co.. 

138  Front  Street.  AVw  i'ork.  -V.  Y. 


.tcrvBiB  oi 
am  to  tlwfj. 
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In  reply  to  the  foregoing  very  remarkable  communication 
The  Messenger  does  not  need  to  say  much^now.  That 
portion  of  it  referring  to  Professor  Pritchett  he  will  doubt- 
less answer  when  the  time  comes.  We  have  obtained  his 
consent  to  publish  his  personal  and  private  letters,  so  as 
fairly  to  meet  the  singular  demand  of  the  Superintendent  of 
the  United  States  Naval  Observatory.  It  should  also  be  said 
that  our  private  letter  to  the  Superintendent  of  Dec.  6, 
asking  if  a  certain  statement  of  his  position  in  regard  to 
local  observatories  was  correct  or  not,  portions  of  which  he 
hastens  to  print,  had  not  the  remotest  reference  to  the  arti- 
cle above  referred  to,  for  that  article  was  in  print  before  the 
statement  of  his  position  was  known.  Further,  the  Super- 
intendent did  not  know  who  had  made  the  statement  of 
his  position,  and  yet  he  answers  it  depending  on,  and  using, 
private  and  personal  letters  in  self-defence.  This  is  a  piece  of 
official  courtesy  that  The  Messenger  is  very  willing  to  give 
full  credit  for,  to  the  Superintendent,  not  only  because  he 
wants  it,  but  also  because  he  demands  it  accompanying  his 
demands  in  a  private  letter  v  ith  serious  threats  if  we  do 
not  publish  "every  word"  just  as  he  had  written  it.  The 
Superintendent  is  evidently  much  troubled  about  something. 

Now  we  want  to  say  to  the  Superintendent  that  we  are 
not  frightened  by  his  threats,  nor  are  we  satisfied  with  the 
logic  of  his  answer  to  our  article.  Attention  is  called  to  his 
replies  to  points  at  issue. 

1.  We  have  said  there  are  definite  contract  relations  ex- 
isting between  the  Western  Union  Telegraph  Company  and 
the  Superintendent  of  the  United  States  Naval  Observatory^ 
for  the  Washington  time,  for  the  telegraph  company's  uses 
in  commercial  sale  and  barter.  The  Superintendent  says 
this  statement  is  ** absolutely  without  foundation;"  but 
does  admit  that  an  '^arrangement''  exists  by  which  the 
Western  Union  uses  the  Washington  time  signals.  Fine  dis- 
tinction! Not  a  contract  but  an  ''arrangement.''  Is  the 
Superintendent  driven  in  his  answer  to  play  with  words? 
Whatever  he  may  say  about  a  contract  or  an  **  arrange- 
ment/' a  general  officer  of  the  telegraph  company  says  there 
is  a  contract.    Now,  in  fact,    it   does  not   matter  at  all 
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whether  this  contract  is  in  written  or  verbal  form,  the  tele- 
graph company  is  now  using  its  privileges  to  destroy  exist- 
ing local  support  for  local  observatories,  and  w^e  have 
reason  to  Ijelievc  that  the  Superintendent  knows  the  main 
facts  in  the  case  and  does  not  choose  to  interfere. 

2.  How  has  this  late  interest  in  spreading  the  Washing- 
ton time  all  over  the  country  come  about  ? 

We  call  the  attention  of  our  readers  to  the  printed  pro- 
ceedings of  the  General  Time  Convention  held  in  New  York 
City  April  11  and  October  10,  1889.  At  both  of  these  raeei^ 
ings  Commander  Brown,  from  the  United  States  Naval  Ob- 
servatory was  present.  At  the  first  meeting  he  made 
extended  remarks  before  the  convention  urging  the  general 
use  of  the  Observatory  time,  and  suggesting  that  if  railway 
officials  needed  information,  and  could  not  visit  Washington 
doubtless  on  application  some  one  would  be  sent  to  put 
them  in  possession  of  that  which  they  desired  to  know.  At 
the  October  meeting  Commander  Brown  reported  that  he 
was  "prepared  to  give  the  time"  (meaning  the  Washington 
time  from  the  Naval  Observatorv)  "at  any  hour  between  10 
o'clock  A.  M.  and  midnight  that  may  suit  any  member  of  the 
convention  who  may  ask  for  it.  Before  10  o'clock  they  have 
to  check  up  their  operations"  (obser\'ations,  probably,) 
"so  as  to  give  the  time  properly,"  etc.  Why  is  Commander 
Brown  sent  out  to  these  meetings  of  railway  officials?  Why 
is  he  offering  the  Washington  time  and  pledging  that  the 
Western  Union  Telegraph  Company  will  transmit  this  time 
to  any  railroad  company,  using  the  telegraph  company's 
wires  entirely  free  of  charge?  Did  the  Superintendent  of  the 
Naval  Observatory  know  anything  about  this,  or  was  it  an 
"arrangement"  made  before  the  time  of  his  administration 
which  began  in  I88G?  That  October  printed  report  says 
(p.  23)  that  arrangements  have  been  perfected  between  the 
United  States  Observatory  at  Washington  and  the  Western 
Union  Telegraph  Company,  by  which  standard  time  can  be 
obtained  by  any  (railroad)  company  reached  bj-  the  wires  of 
the  telegraph  company,  without  charge  (italics  ours), by  ap- 
plication to  the  latter.  This  plainly  shows  the  position  of 
the  Superintendent  of  the  United  States  Naval  Observatorj-. 

3.  There  are  some  other  steps  in  this  interesting  program 
that  we  can  now  only  refer  to  for  want  of  space.    The  fol< 
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lowing  queries  will  suggest  them :  When  was  the  salary  of 
the  instrument  maker  to  the  Naval  Observatory  raised? 
How  many  times,  and  by  whose  recommendation?  When 
did  this  instrument  maker  sell  the  rights  of  his  patent  elec- 
trically controlled  clocks  to  the  Bedford  Clock  Company  of 
New  York  City?  How  much  money  was  paid  for  the  gen- 
eral control  of  this  patent  ?  Were  there  deferred  payments 
of  considerable  amounts?  If  so  were  those  deferred  pay- 
ments made  dependent  in  an3'  way  on  the  use  of  the  Wash- 
ington time?  These  are  some  of  the  queries  that  interest 
local  Observatories  that  have  honestly  earned  and  are  now 
enjoying  a  local  patronage  by  furnishing  standard  time  to 
local  railway  companies,  at  their  own  figures.  This  local 
patronage  is  now  menaced  by  the  united  action  of  the 
United  States  Naval  Observatory  and  the  Western  Union 
Telegraph  Company.  The  letters  already  received  from  the 
oldest  and  the  most  prominent  Observatories  in  the  United 
States  plainly  indicate  that  The  Mbssbnger's  word  of  ad- 
vice and  alarm  are  timely  and  worthy  of  immediate  and 
serious  attention. 


ON  THE  STABILITY  OF  THE  RINGS  OF  SATURN.* 


GBORGB   W.   COAKLEY.t 
For  Thb  Mbssbaobb. 

The  satellites  of  Saturn  are  very  much  nearer  to  the  rings 
than  the  sun  and  planets  are;  and  the  difference  of  their 
distances  from  Saturn's  centre,  and  from  the  different  parts 
ofthe  ring,  bears  too  great  a  ratio  to  their  mean  distances 
to  allow  us  to  take  their  action  on  the  nearest  and  farthest 
points  of  the  ring  as  a  good  approximation  to  their  whole 
disturbing  action.  It  becomes  necessary,  therefore,  to  en- 
deavor to  take  account  of  the  sum  total  of  all  their  disturb- 
ing  forces  on  each  half  of  the  ring,  in  order  to  estimate  their 
effect  in  removing  the  ring's  centre  from  that  of  Saturn. 

Bach  ring  is  very  thin  and  flat,  and  also  of  narrow 
breadth  when  compared  with  its  diameter;  and  hence  it 
may  be  supposed  to  be  composed  of  a  number  of  concentric 


*  Contliiaed  froia  p.  11.  No.  81.     f  Professor  of  Astronomj  in  the  University 
oT  the  City  of  New  York. 
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circles.  If  the  disturbing  action  of  one  of  the  satellites  upon 
one  of  these  narrow  circles  be  determined,  it  will  make 
know  II  the  like  action  on  each  of  the  circles  of  which  the  ring 
is  supposed  to  consist ;  and  therefore  determine  the  action  of 
the  satellite  on  the  whole  ring.  This  is,  in  fact.  La  Place's 
mode  of  treating  the  action  on  the  ring.  Let  us  take  the 
circular  ring  situated  at  the  middle  of  Saturn's  exterior  ring 
for  the  special  subject  of  investigation.  The  centre  of  this 
circular  ring  is  taken  at  first  to  coincide  with  that  of  the 
planet,  and  its  radius  is  R  —  2.2115,  the  equatorial  radius 
(»f  Saturn  being  the  unit.  Let  A  =  the  mean  distance  from 
Saturn's  centre,  in  terras  of  the  same  unit,  of  one  of  his  satel- 
lites, Titan  for  example. 


FiGtHK   1. 

In  Fig.  1.  above,  let  S  be  Saturn's  centre,  and  that  of  the 
ring;  P.  any  point  on  the  circumference  of  the  middle  circle 
of  the  exterior  ring;  SP  =  R  =  2.2115  =  the  radius  of  this 
circle,  in  terms  of  Saturn's  equatorial  radius.  Let  the  inner 
circle  represent  Saturn,  and  T  be  the  position  of  any  satel- 
lite. Titan  for  example. 

Let  ST  =  a  =  the  mean  distance  of  the  satellite,  SA  =  x, 
AP  —  y,  the  angle  ASP  =  ".  measured  as  an  arc  on  the 
equator  of  Saturn :  let  PTS  ^  TPB  =  f\PT^  D=  the  dis- 
tance  of  the  point  P  from  the  satelhte.  The  element  of  the 
circumference  at  P  is  Rd>t ;  and  if  ra  =  the  mass  of  the  satel- 
lite at  T,  its  attraction  on  the  element  at  P  is  — ^ — .    If 
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this  force  be  resolved  in  the  direction  of  PB,  parallel  to  ST, 

it  will  be      '-^ —  cos  if.  'The  acceleration  in  the  direction  of 

Lr 

PB  will  be  jy  cos  ^.  The  acceleration  impressed  upon  Sat- 
urn bv  the  satellite,  in  the  direction  ST  or  PB,  will  be  -.. 

a' 

Hence  the  difference  'of  acceleration  on  the  element  at  P,  and 

on  Saturn,  is  -^  cos  ^  —  - .     This  is  the  force  that  solicits 

the  element  at  P  away  from  Saturn's  centre,  in  a  direction 
parallel  to  ST,  There  are  other  components  of  the  satel- 
lite's attraction ;  but  they  have  little  or  no  influence  in  dis- 
turbing the  centre  of  the  ring  in  reference  to  that  of  the 
planet.  Hence  it  is  not  necessary  to  consider  them.  To 
obtain  the   sum    total    of  all    the   disturbing   forces,    like 

-y  cos  if  —  y,  acting  at  every  point,  P,   of  the  semicircle 

EPF,  and  at  every  point  of  the  semicircle,  ENF,  it  is  only 

requisite  to  multiply  the  force  ^  cos  y  —     ,.  by  Rd>^,  the  ele- 

ment  at  P,  and  then  integrate,  in  reference  to  the  variable  •'', 

first  between  the  limits  'V  =  —  ,^    and  »v  =  +  ]^  ,   and   after- 

wards   between    the  limits  •''  =  +   "    and  •>  =  +  ^^  .     Let  f^ 

^  *^ 

denote  the  first  summation,  and  /^  the  second.  Then  /[  will 
denote  the  total  force  of  the  satellite  in  drawing  away  the 
nearer  half  of  the  circular  ring  from  Saturn  ;  but,  as  /]  will  be 
negative,  showing  that  the  remote  half  of  the  ring  is  virtu- 
ally driven  away  from  Saturn,  the  absolute  amount  of  this 
action  will  be  denoted  bv  — f,,  and  their  ratio  will  be  ex- 

passed  by  J. 

But  SA  =  jr  =  R  cos  'V ;  ^Pr=  v  =  R  sin  'V ;  AT  —  a  —  yi  —  D 
cos  9^;  AP  =  j  =  D  sin  sr.  Hence  D' =  (a  —  x)'^  +  r^  =  a^ 
—  2ax  +  x*  +  j2. 

.-.  D^  =  a^  —  2aR  cos  •''  -f  R2  z=  a^  1 1  -  2^  cos  v  +  ^.^ 

I  a  a- 


.•.D  =  a(l  — 2^  cos.v  +  ^!|^ 
I  a  a^) 
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a  —  R  cos  * 


a    1  —  2 —  cos  A  +  - 


1 cos  " 


"(l-2-cos«+?')' 


.If\» 


Let  — =:>^,  which  mav  he  treated  as  a  constant,  with  a  fl 
a 

ferent  value,  however,  for  each  sateUite,  since  it  will  answer 

the  purpose  of  this  investigation  to  treat  the  orbits  of  Sat- 

urn's  satellites  as  circles,  each  with  a  different  radiu 

Hence 

M 


,cosit — - 


l.{(l-/ttcosS}(l-2AcosS-+/^=)  ^-IJ, 


the  ratio 


Since  /^  is  generally  a  small  fraction,  less  than  unity,  thefl 
pression{A)niay  be  developed  in  a  series  of  con  verging  tei 
arranged  according  to  the  successive  powers  of  p.    It  t 
then  be  multiplied  by  Rd",  and  the  several  terms  be  tn 
grated  as  far  as  requisite  to  get  a  good  appro ximatitu 
Jl 
-A' 
The  development  of  (1  —  2/5  cos  '»  +  /f)~^  v. 
l  +  Scos-^.  /5— 5(1  — 5cos^fl)./i'  — 4(3cos''— 7ccw'*3 
+  V(l  —14  cos'  "  +  21  cos"  ")  .  A'  4-  V(5cos'»-  30  o 
+  33  cos'.'')  .A' 

—  ^(5  —  135  cos'  a  +  495  cos*  »  —  429  cos'  »)  .  (6* 

—  At 35  cos  "  —  385  cos'  "  +  1001  cos"  f  —  715  cos'  *)  j 
+  1^(7  —  308  cos'  «  +  2002  cos'  •»  —  4004  cos'  " 

+  2431  cos' t)  .  (J*  +  etc. 


Hence  (  1  —  ^cos '')(1— 2 //cos  »  + /y-}    - 

—  !  (1  —  3  COS'S)  .p' 
—  2(3cos«  — Scos'rti)  .>S'  +  4(3  — 30CO5' 
+  1(15  cos  *  —  70  cos*  *■  +  63  cos'  »)  .  A' 
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—  ^{5  —  105  cos*  ^  +  315  cos*  ^  —  231  cos*  ^)  .  /^ 

—  i  (35  cos  *  —  315  cos*  *  +  693  cos'  d  —  429  cos' »?)  .  fP 

+  yk  (35  —  1260  cos*  .5»  +  6930  cos*  'V  —  12012  cos*  ^  + 

6435  cos- *)./5C  + etc.,  =  ^  •  ^^. 

The  integral  of  the  last  equation,  in  reference  to  »>  as  the 
variable,  gives : 

^.f=C  +  2  sin  »> .  /^  +  f  (*  +  3  sin  »V  cos  »v)  .  /:^2 

+  f  (sin  *  +  5  sin  ^  cos*  »v)  .  /^ 
+  A  (9*  —  15  sin  *  cos  1^  +  70  sin  '^  cos'  »^)  .  /S* 
+  ^  (29  sin  :&  —  98  sin  :^  cos*  :^  +  189  sin  ^  cos*  ^)  .  /H' 
+  T^T  (25^  +  105  sin  :^  cos  :^  —  490  sin  ^  cos^  ^  + 

616  sin  ^  cos*  B)  .  /S(« 
+  tV(53  sin  ^  +  639  sin  ^  cos*  ^— 2277  sin  :&  cos*  ^  + 

2145  sin  S  cos*  :^)  .  /f 
+  Trfrr  (1225  S  —  3255  sin  S  cos  :^  +  51590  sin  ^  cos'  S 
—  136136  sin  ^  cos'  ^  +  102960  sin  S  cos'  ^)  .  fi' +  etc. 

Hence,  between  the  limits  —  ^  t:  and  +  i  :r, 

+  IIA'  +  ii*M.'^.y»'  +  etc. 

And  between  the  limits  ^n  and  f  r 

-if  ./^  +  fHM-'^./^'-etc. 
The  two  last  equations  may  be  more  conveniently  written 

j^  .  /;  =  1  +  tV  .  ^  +  i/3'  +  ^V^A'  +  H/^  +  tWi'^  •  ^' 
+  VWA*  +  mif  ^  .  />'  +  etc. 

+  ^/^  -  \\m^  ■  A'  -  etc. 
Hence  the  ratio  of  f^  to  —  /",  is 

^  =  -«r.    A  =  mH-     Then 
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Ji  _.  l+A,.iS+Ai.,S^+A,.f:r'+A,,,^'-\-A,.i^+A,.p^+A,,pi'  +  etc.  . 
— /;       1— A 1  ./5+i4  2  .,^''^—A,y~+A,.,^--A,.t'^+A,.,^—A,,tr'  +  etc  ' 

and  log  Aj  =:  1.7701519,  lo^  >lo  =  1.5228787, 
log  A,  =  1.7421224,  log  >!,  =  1.8603S80, 
log  A,  =  1.7298879,  log  A,  =  1.5781479, 
log  4,  =  1.7230486. 

Since  R  =  2.2115,  and  for  Saturn's  first  satellite,  Mimas, 

a  =  3.3,  hence  /3  = 


3.3 


For  the  second  satellite,  Endeladus, 


For  the  third  satellite,  Tethys, 
For  the  fourth  satellite,  Dione, 


For  the  fifth  satellite,  Rhea, 


For  the  sixth  satellite.  Titan, 


For  the  seventh  satellite,  Hyperion, 
For  the  eighth  satellite,  Japetus, 


log  R  =  0.3446869 
log  a  =  0.5185139 

log  /:^=:  1.8261730 

log  a  =  0.6334685 
log  /^=:  1.7112184 

log  a  =  0.7242759 
log  /^  =  1.6204110 

log  a  =  0.8325089 
log  /!/  =  1.5121780 

log  a  =  0.9777236 
log  /?  =  1.3669633 

log  a  =  1.3159703 
log  /!^  1=1.0287166 

log  a  —  1.4281348 
log  /^  =  2.9165521 

log  a  —  1.8088859 
log  t^  =  2.5358010 


From  the  values  of  the  logarithms  of  fi,  for  the  several  sat- 
ellites, together  with  the  preceding  values  of  log  ^4,,  log  A^, 

f 
etc.,  and  the  formula  for    -  V  the  following  table  has  been 

computed : 

f  f 


-/; 


— /: 


1st  Satellite  Mimas 3.00321 

2d  '•  Hnccladus 2  08252 

3d  ••  Tethys 1.74-r>77 

•Irth        "  Dione 1.51191 


5th  Satellite  Rhea 1.32994 

6th        ••  Titan 1.13530 

7th        '•  Hvperion 1.10262 

8th        *•         Jai>etus 1.04132 


The  summation  of  the  series,  to  determine  the  ratio  of  f^ 
to  — ^,  has  probably  not  been  carried  far  enough  to  give  a 
good  approximation  to  this  ratio  for  the  first  two  satellites. 
But  still  it  gives  with  suflScient  accuracy  the  cAaracter  of  the 
disturbing  action  of  these  satellites  upon  the  ring.    This  ac- 
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tion  is  of  the  same  nature,  though  relatively  larger,  as  that 
of  the  other  six  satellites.  In  the  case  of  these  last  six  satel- 
lites, the  summation  as  far  as  the  fourth  power  of  ft  gives 

verv  nearlv,  or  within  one  per  cent,  of  the  same  values  of 

f  '  . 

^-jr-  as  that  obtained  by  continuing  the  computation  to  the 

seventh  power  of  fi.  All  these  results  show  that  the  action 
of  the  satellites  is  greater  on  the  nearer  half  of  the  ring  than 
on  the  remote  half;  and  that  they  thus  tend  to  draw  the 
centre  of  the  ring  away  from  Saturn  towards  their  own  di- 
rection. But,  if  the  ring  be  liquid  or  Uuid,  each  satellite  also 
tends  to  raise  tides  in  the  ring  in  the  line  of  its  action ; 
greater,  ho wever,  on  the  nearer  half  than  on  the  remote  half, 
exactly  in  proportion  to  the  excess  of  action  that  tends  to 
remove  the  ring's  center  from  that  of  Saturn,  This  is  one  of 
the  most  important  conclusions  arrived  at  in  reference  to  the 
stability  of  the  rings.  It  will  be  found,  I  think,  that  their 
stability  depends  entirely  upon  this  principle  of*the  relative 
tides  that  the  satellites  and  other  disturbing  bodies  may 
produce  upon  the  near  and  remote  halves  of  a  liquid  or  fluid 
Ting. 

How  the  stability  of  one  of  the  rings  may  be  determined 
by  the  tidal  action  of  a  satellite,  or  other  disturbing  bodj', 
is  the  next  subject  for  investigation. 

In  Fig.  2  let  S  be  the  centre  of  Saturn,  SF=SH=1=  his 
equatorial  radius;  and  suppose  the  centre  of  one  of  his  rings 
to  be  drawn  awa}'  from  that  of  Saturn  to  C,  a  ver3'  small 
distance,  bv  the  attraction  of  one  of  the  satellites,  or  bv  the 
sun,  or  by  one  of  the  major  planets.  Let  C/,  =  CI,  =  the 
radius  of  the  middle  of  the  ring.  Through  S  and  C  let  a 
straight  line  be  drawn,  and  let  HSFhe  perpendicular  to  this 
line.  Through  S  draw  also  the  two  straight  lines  AE,  BD, 
including  the  angle  ^,  measured  on  the  circumference  of  Sat- 
urn. Let  SA  =  i?„  SE  =  R,.  The  lines  AE  and  BD  intercept 
arcs,  AB  =  /,,  and  DE  =  /„  on  the  middle  circle  of  the  ring, 
such  that  /,  =  Rf^j  U  =  R^^.  Let  m,  and  m.^  be  the  masses 
of  the  segments  AB  and  DE,  cut  off*  by  the  planes  through 
AE  and  DE  perpendicular  to  the  plane  of  the  ring.  Also  let 
a,  and  a,  be  the  areas  of  the  cross  sections  of  these  two  seg- 
ments respectively'.  Then  if  '^  =  the  density  of  the  ring  in  all 
its  parts,  the  masses  of  these  segments  will  be,  /n,  =  a,/i'^ 


74 


The  Sidereal  Messenger. 


m,  =  a^,^.    Hence,  replacing  /i  and  /,  by  their  valnes,  nii  = 

The  lines  A£,  BD,  are  supposed  to  be  drawn  at  a  small  in- 
clination, ^,  to  each  other,  but  at  any  inclination  to  FH. 

If  M  =  Saturn's  mass,  his  attraction  for  the  nearer  seg- 
ment is  :^—z  and  the  accelerative  force  of  this  segment  on 

M 
Saturn  is  rr-\-    Hence  the  whole  accelerative  force  between 

M  +  tn 
Saturn  and  this  nearest  segment  is  F^  =       p    — - 


Figure  2. 

The  accelerative  force  between  Saturn  and  the  more  dis- 

Af  4-  m^ 
tant  segment  towards  the  disturbing  body  is  Fj  =   *~p  2 — 

Replacing  m^  and  /n,  by  their  values,  these  forces  become 

M 


Rj*^         R, 


^»-R,»+~      R, 
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The  diffiniences  of  these  forces  is 


F,-F.=M.{^-;^)+5...({|-||) 


m 


The  density  of  the  ring,  ^,  has  been  supposed  to  be  the 
same  in  all  its  parts,  and  hence  it  is  so  in  the  two  small  seg- 
ments. If,  therefore,  the  cross-section  of  the  ring  has  always 
the  same  area,  it  will  be  uniform  and  homogeneous;  and 
whether  solid  or  liquid,  we  may  in  such  case  replace  a 2  by  its 
equal  a^ ;  and  shall  then  have 

F,  -  F,  =  m{^  -  -/-,-}  +  S.a.  .{-^-  -  ^^}    (II) 

But  since  R^  is  greater  than  Ru  it  follows  that  ^r-  is 

greater  than  >c-,  and  hence  -£^-r  >  ^—o-    The  whole  second 

member  of  (II)  is  therefore  positive.  Hence  F^  >  ^2-  The 
mutual  attraction  between  the  planet  and  the  nearer  seg- 
ment surpasses  that  between  the  planet  and  the  more  dis- 
tant segment.  The  same  is  true  in  this  case  for  any  pair  of 
opposite  segments  included  between  any  two  planes  through 
S,  inclined  in  any  manner  to  FSH,  Hence,  in  this  case  of  a 
uniform  and  homogeneous  ring,  the  whole  attraction  be- 
tween the  planet  and  the  nearer  portion  of  the  ring  is 
greater  than  that  between  the  planet  and  the  remote  por- 
tion. The  consequence  is  that  the  nearer  portion  of  the  ring 
is  continually  drawn  down  towards  the  planet,  with  accel- 
erated velocity,  the  center  of  the  ring  flying  away  from  the 
planet,  as  if  repelled  by  it. 

This  consequence,  however,  holds  good  only  on  the  suppo- 
sition that  the  ring  is  of  uniform  dimensions,  and  constant 
density,  in  all  its  parts.  It  is  the  case  of  La  Place's  homo- 
geneous, uniform  solid  ring.  But  the  conclusion  holds  good 
equally  for  a  liquid  or  fluid  ring,  provided  it  is  obliged  to 
preserve  the  same  area  of  cross-section,  aj  =  aj,  as  well  as 
the  same  density. 

But  the  ring  is  revolving  around  Saturn,  and  its  centre 
must  be  carried  around  him  also  with  a  velocity  that  pro- 
duces a  centrifugal  force  applied  to  this  centre.  This  centrif- 
ugal force,  combined  with  the  repulsive  force  with  which  the 
centre  of  the  uniform  ring  is  driven  away  from  that   of 
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Saturn,  must  produce  a  motion,  as  La  Place  points  out, 
convex  to  tlie  centre  of  Saturn.  The  orbital  motion  of  the 
ring,  under  these  circumstances,  only  helps  the  more  swiftly 
to  drive  away  its  centre  from  that  of  the  planet,  and  to  pre- 
cipitate ihe  ring  upon  the  planet  with  a  more  violent  col- 
lision. 

Thus  the  unstable  equilibrium  of  any  uniform,  homogi 
eous  ring  revolving  about  any  planet  is  demonstrated,  i 
be  subject  to  the  external  attraction  of  any  other  body. 

Professor  Peirce's  idea  was,  that  the  several  satellites  of 
Saturn,  some  of  them  revolving  rapidly  around  him,  might, 
by  their  different  attractions  in   different  and  continuaJU" 
changing  directions,  help  to  bring  back  the  ring's 
that  of  the  planet,  and  thus  restore  the  equilibrium  to  stabi 
it3'.    But  suppose  the  eight  satellites,  at  a  certain  moment 
time,  to  have  any  given  arrangement  around  Saturn.     Tin 
would  then  constitute  eight  given  disturbing  forces,  of  difS 
ent  intensities,  in  eight  given  directions.    There  would  i 
essarily  be  a  certain  resultant;  of  these  eight  forces  in  a  cer- 
tain direction.    Unless  this  resultant  were  alwflyS  zero,  with 
every  possible  arrangement  or  configuration  of  the  satel- 
lites, the  resultant  disturbing  force,  in  some  particular  di- 
rection, would  remove  the  ring's  centre  away  from  that  of 
Saturn,  in  the  direction  of  that  resultant.     Long  before  1 
direction  and  amount  of  that  resultant  could  be  reversf 
in  order  to  destroy  its  effect,  the  centre  of  the  ring  will  ha) 
gone  so  for  from  that  of  the  planet,  that  the  inverse  sqnai 
of  the  distances,  together  with  the  great  mass  of  Satutj 

would  forbid  the  possibility  of  i-cpairiug  the  mischief  of  t  

disturbing  force.  .\  uniform,  homogeneous  ring,  whether 
solid  or  fluid,  cannot  therefore  continue  to  revolve  around  n 
planet,  with  stable  equilibrium,  in  the  presence  of  external 
disturbing  forces. 

But  wc  ha%'e  seen  that  if  the  ring  be  liquid,  or  fluid,  i 

action  of  each  satellite,  or  other  disturbing  body,  while  \ 

tends  to  draw  away  the  ring's  centre  from  Saturn  toward 
the  disturbing  body,  tends  at  the  same  time  to  produce  tn 
the  ring  opposite  tidal  elevations  in  the  line  of  its  action. 
Moreover,  the  tidal  elevation,  on  the  side  of  the  ring  ncan 
the  disturbing  body,  exceeds  that  in  the  remotest  part  of  ^ 
ring,  exactly  in  the  same  ratio  as  the  t\ro  disturbing  ton 
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which  by  their  diflference  tend  to  withdraw  the  ring's  centre 
from  that  of  the  planet. 

The  consequence  of  this  state  of  things  is,  that  when  the 
centre  of  the  ring,  C,  moves  toward  the  disturbing  satellite, 
and  away  from  Saturn's  centre,  the  superior  tidal  eflFect  at 
m,,  nearest  the  satellite,  above  that  farthest  from  the  satel- 
lite, at  iiij,  will  cause  the  nearer  cross-section,  a,,  to  be 
greater  than  the  remote  one,  a, .    Therefore  we  have  a^  >  a^. 

Hence,  in  equation  (I),  while  R^  and  R^  are  still  nearly 

a  a 

equal,  it  is  possible  to  have-^  greater  than  —-,  so  that  the 

second  term,  ^^j W-  —  p-\f  shall  be  negative. 

If  this  negative  term  be  then  equal  to,  or  a  little  greater 

than,  the  small  positive  term  Af  l^j —  ^^A  as  may  well  be 

the  case  when  Rj  is  very  nearly  equal  to  Rj,  the  effect  will  be 
to  make  P^  =  Pji  or  Fi  >  Fj.  In  this  case  the  centre,  C, 
will  be  brought  back  towards  the  planet's  centre  and  the 
equilibrium  will  become  stable. 

Let  us  see  what  will  be  requisite  in  order  to  make  Fi  =  F^ 
or  Fi  —  Fj  =  0. 

In  this  case  equation  (I)  will  become 

_  R,        .       M      fl        R,       1   \ 
..a,-jj-.a, +  ^.  ^^.^--^^.       (ill.) 

It  is  evident  ii-om  (III)  that  when  R,  and  R^  are  still  very 
nearly  eqnal,  so  that  R,  =  R,  +  aR,  aR  being  very  small 
compared  with  R|,  it  follows  that 

*»~1^"^"r;J -^'"^  S^*\rTI^'^"r;J       R,  +  ARi 


..,_  aR,    Mfl         aR      1    f.    ,    aRI-M 

.  ..a,  -  a, -1- ai  . -g- -I- ^-^^^  +  jj  ,      Ri  ^  "^  ^)      / 

Retaining  only  the  first  power  of  the  small  fraction  -p—  it 
follows  that 


It  is  thus  evident  that  a  very  small  increase  of  a,  over^ 
is  sufficient,  when  A  R  is  very  small  in  comparison  with  ' 
to  make  the  force  F,  equal  to  F./,  and  a  verj-  slight  adSP 
tional  increase  of  a,  over  a,  will  make  Fj  greater  than  F,. 
This  slight  additional  increase  of  a^  over  aj,  which  the  tidal 
action  of  each  satellite  seems  abundantly  able  to  provide  in 
its  action  on  a  fluid  ring,  will  tend  to  restore  the  centre  of 
the  ring  to  that  of  the  planet,  thus  maintaining  the  equilib- 
rium in  a  stable  condition. 

It  is  now  evident  that,  not  only  each  satellite,  but  the 
or  any  planet,  by  the  same  reasoning,  furnishes  separatt 
and  in  just  measure,  the  bane  and  antidote  for  destroy^ 
and  restoring  the  stability  of  equilibrium  of  the  rings  of 
Saturn,  on  the  sole  condition  of  their  being  Buid,  and  there- 
fore subject  to  a  tidal  change  of  Ggure.  Perhaps  also,  the 
difl'ercnce  of  action  of  the  satellites  on  the  outer  and  inner 
edge,  and  on  the  middle  of  the  rings,  may  account  for  their 
temporary  openings,  and  subsequent  closing  up.  as  obsei 
by  Mr.  George  P.  Bond  and  others. 


ying 


GEOKGE    C.    COMSTOCK.- 


The  double-star  observations  made  with  the  loVi-ic 
equatorial  of  the  Washburn  Observatory  during  the  years 
1888-89  are  now  nearly  ready  for  publication,  but  as  some 
months  must  elapse  before  the  volume  containing  them  can 
be  distributed,  it  has  seemed  proper  to  comply  with  the  re- 
quest of  the  editor  of  The  Sidereal  Messenger  for  astro- 
nomical news,  and  to  present  here  some  of  the  more  inti 
esting  results  of  the  observations  of  that  series. 

The  stars  observed  are  chiefly  those  discovered  at  1 
Washburn  Observatory  during  the  years  1881-4,  and  a  p 
cipal  purpose  of  the  work  has  been  to  select  from  this  li^ 
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more  than  250  stars,  those  interesting  on  account  of  rapid 
relative  motion  or  other  peculiarity.  The  only  observations 
available  for  comparison  with  my  own  are  those  made  by 
Mr.  Bumham  in  1881,  and  the  interval  of  time  between  his 
observations  and  mine  being  only  seven  years,  it  is  evident 
that  only  large  relative  motions  can  be  detected  by  a  com- 
parison of  our  results.  It  is  well  known  that  observers 
differ  among  themselves  to  a  marked  degree  in  the  measure- 
ment of  position  angles  and  distances,  /.  e.,  there  is  a  per- 
sonal equation  which  must  be  allowed  for,  before  the  obser- 
vations of  two  different  observers  can  properly  be  compared 
with  each  other.  This  personal  equation  between,  Mr. 
Bumham  and  myself,  I  have  derived  from  a  comparison  of 
135  double-stars  which  we  have  observed  in  common,  and  in 
deriving  relative  motion  of  the  components  of  a  double-star, 
I  have  in  all  cases  reduced  my  measures  to  his  standard  by 
applying  the  personal  equation  thus  determined. 

The  following  list  shows  all  of  the  cases  in  which  a  rela- 
tive motion  seems  assured : 

Ll.  4370;  R.  A.  =    2»  16"».8 ;  Decl.  =  +  57^40';  Mags.  8-10. 

1881.56        p  =  186^.5       s  =  i".78        Observed  3  nights. 
1888.11  186  A  2  .31  *'         3     *' 

fi  794;  R.  A.  =  11»»  47™.2;  Decl.  =  +  74°26';  Mags.  7-8. 

1881.34        p  =  106°.6       s  =  0".42        Observed  5  nights. 
1889.19  131  .2  0  .41  *'         4     " 

>J800;  R.  A.  =  13»»  10™.8;  Decl.  —  -f-  17°40';  Mags.  7-10. 

1881.36        p  =  121°.5       s=l".26        Observed  4  nights. 

1888.39  120  .2  2  .22  *'         3     ** 

fi  815;  R.  A.  =  le**  23"'.3 ;  Decl.  =  +  43°11';  Mags.  8-10. 

1881.30        p  =  348°.4       s  =  6".39         Observed  3  nights. 
1888.54  343  .3  7   .35  "  3      ** 

S.  D.  14°;  4712;  R.  A.  =  17'»  3 1 '".7;  Decl.  =  -  14°46';  Mags.  9-9. 

1881.38        p  =  338°.2       s  =  1".37         Observed  2  nights. 
1888.60  333  .4  1   .74  "  3     " 

PS3S;R.A,  =  21'*  14'".8;  Decl.  =  +    2°37';  Mags.  8-9. 

1881.66  p=    90°.3       s  =  l".28        Observed  3  nights. 
1887.77  97  .1  1   .56  "  3     *' 

>J848;  R.  A.  =  22»»50™.0;  Decl.  =  + 57^44' ;  Mags.  8-11. 

1881.67  p=      5°.8       s  =  2".76        Observed  3  nights. 

1888.40  2  .4  2  .36  "         2     " 

D.M.38<';  5112;  R.  A.  =  23»>  55".3 ;  Decl.  =  +  38*»58';  Mags.  8-9. 

1881.71        p=124M       s  =  0".62        Observed  3  nights. 
1888.17  105  .5  0  .49  **         2     " 
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A  triple  star  interesting  by  reason  of  the  closeness  of  all  of 
the  components  is : 

S.  D.  14°;  1171;  R.  A.  =  o"  2H-.6 ;  Decl,  =  -  14-°27'. 
This  was  recognized  as  a  double-star  by  Professor  Holden 
in  1882  or  1883,  the  exact  date  I  cannot  find.  The  star  was 
not  measured,  but  the  estimated  position  of  the  components 
was  p  =  230'^  s  =  1",  magnitudes  10-10.  I  measured  the 
star  twice  in  1888  without  noting  anything  peculiar  except 
that  the  definition  appeared  worse  than  in  the  case  of  other 
neighboring  stars,  but  subsequently  I  found  a  minute  com- 
panion  between  the  principal  components.  The  positions 
are:  ^" 


Stars  A  and  B. 

88S,5S 

p=219'='.fi        s  =  2".76 
Stars  A  and  C. 

Observed 

888.91 

p  =  252°.2        s~l".80 

Observed 

making  this  an  unusually  close  triple  star. 


ON  THE  SPECTRUM  OF  :  URSjE  MAJORIS.' 

BDWARD  C.   PICKEBING. 

In  the  Third  Annual  Report  of  the  Henry  Draiwr  Me- 
morial, attention  is  called  to  the  fact  that  the  K  line  in  the 
spectrum  of  C  Ursfe  Majoris  occasionally  appears  double. 
The  spectrum  of  this  star  has  been  photographed  at  the 
Harvard  College  Observatory  on  seventy  nights  and  a  care- 
ful study  of  the  results  has  been  made  by  Miss  A.  C.  Maury, 
a  niece  of  Dr.  Draper.  The  K  line  is  clearly  seen  to  be  double 
in  the  photographs  taken  on  March  29,  1887,  on  May  17, 
1889  and  on  August  27  and  28,  1889.  On  many  other 
dates  the  line  appeared  hazy,  as  if  the  components  were 
slightly  separated,  while  at  other  times  the  line  appears  to 
he  welt  defined  and  single.  An  examination  of  all  the  plates 
leads  to  the  belief  that  the  line  is  double  at  intervals  of  52 
days,  beginning  March  27,  1887,  and  that  for  several  days 
before  and  after  these  dates  it  presents  a  hazy  appearance. 
The  doubling  of  the  line  was  predicted  for  October  18,  1889. 
but  only  partially   verified.    The  line  appeared   hazy  or 
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slightly  widened  on  several  plates  but  was  not  certainh^ 
doubled.  The  star  was  however  low  and  onW  three  prisms 
could  be  used,  while  the  usual  number  was  four.  The  pre- 
dicted times  at  which  the  line  should  be  again  double  are  on 
December  9,  1889,  and  on  January  30,  1890.  The  hydrogen 
lines  of  C  Ursae  Majoris  are  so  broad  that  it  is  difficult  to 
decide  whether  they  are  also  separated  into  two  or  not. 
They  appear,  however,  to  be  broader  when  the  K  line  is 
double  than  when  it  is  single.  The  other  lines  in  the  spec- 
trum are  much  fainter,  and  although  well  shown  when  the 
K  line  is  clearly  defined,  are  seen  with  difficulty  when  it  is 
hazy.  Several  of  them  are  certainh'  double  when  the  K  line 
is  double.  Measures  of  these  plates  gave  a  mean  separation 
of  0.246  millionths  of  a  millimeter  for  a  line  whose  wave- 
length is  448.1  when  the  separation  of  the  K  line  whose 
-wave-length  is  393.7,  was  0.199.  The  only  satisfactory  ex- 
planation of  this  phenomenon  as  yet  proposed  is  that  the 
brighter  component  of  this  star  is  itself  a  double-star  having 
components  nearly  equal  in  brightness  and  too  close  to  have 
been  separated  as  yet  visually.  Also  that  the  time  of  revo- 
lution of  the  system  is  104  days.  When  one  component  is 
approaching  the  earth  all  the  lines  in  its  spectrum  will  be 
moved  toward  the  blue  end,  while  all  the  lines  in  the  spec- 
trum of  the  other  component  will  be  moved  by  an  equal 
amount. in  the  opposite  direction  if  their  masses  are  equal. 
Each  line  will  thus  be  separated  into  two.  When  the  mo- 
tion becomes  perpendicular  to  the  line  of  sight  the  spectral 
lines  recover  their  true  wave-length  and  become  single.  An 
idea  of  the  actual  dimensions  of  the  svstem  mav  be  derived 
from  the  measures  given  above.  The  relative  velocity  as  de- 
rived from  the  K  line  will  be  0.199  divided  by  its  wave- 
length 393.7  and  multiplied  by  the  velocity  of  light  186,000 
w^hicb  is  equal  to  94  miles  a  second.  A  similar  calculation 
for  the  line  whose  wave-length  is  448.1  gives  102  miles  per 
second.  Since  the  plates  were  probably  not  taken  at  the 
exact  time  of  maximum  velocity  these  values  should  be 
somewhat  increased.  We  may,  however,  assume  this  ve- 
locity to  be  about  one  hundred  miles  per  second.  If  the  or- 
bit is  circular  and  its  plane  passes  through  the  sun,  the  dis- 
tance traveled  by  one  component  of  the  star  regarding  the 
other  as  fixed  would  be  900  million  miles,  and  the  distance 
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i  miles. 


apart  of  the  two  components  would  be  143 
or  about  that  of  Mars  and  the  sun.  The  combined 
would  be  about  forty  times  that  of  the  sun  to  give  the  re- 
quired period.  In  other  words,  if  two  stars  each  having  a 
mass  twenty  times  that  of  the  sun  revolved  around  each 
other  at  a  distance.equal  to  that  of  the  sun  and  Mars,  the 
observed  phenomenon  of  the  periodic  doubling  of  the  lines 
would  occur.  If  the  orbit  was  inclined  to  the  line  of  sight 
its  dimensions  and  the  corresponding  masses  would  he  in- 
creased. An  ellipticity  of  the  orbit  would  be  indicated  by 
variations  in  the  amount  of  the  separation  of  the  lines, 
which  will  be  considered  hereafter.  The  angular  distance 
between  the  components  is  probably  too  small  to  be  de- 
tected by  direct  observation.  The  greatest  separation  may 
be  about  l.fi  times  the  annual  parallax.  Some  other  si 
indicate  a  similar  peculiarity  of  spectrum,  but  in  no  cai 
this  as  yet  established. 

Harvard  College  Observatory, 
Cambridge,  II.  S.,  Nov.  12,  1889. 

Addenda,— Dee.  IT.    The  predicted  doubling  of  the  liiii 
;  Ursre  Majoris  on  December  8th  was  confirmed  on  that 
by  each  of  three  photographs.    Two  more  stars  have  Ijcen 
found  showing  a  similar  periodicity  ;  /*  Auriga;  and  />  Ophi- 
uchi  (H.  P.  1100  and  2909). 

Jan.  11,  1890.  Later  observations  make  it  probable  that 
the  period  of  C  Ursre  Majoris  is  52  days  instead  of  104,  and 
that  its  orbit  is  noticeably  elliptical.  The  velocity  of  the 
components  of  ft  Auriga?  seems  to  be  150  miles  per  second, 
their  period  4  days,  their  orbit  nearly  circular,  with  a  radius 
of  8,000,000  miles,  and  their  masses  0.1  or  0.2,  that  of  ( 
sun  being  unity. ___^ 

Queries.  1.  What  is  the  equation,  in  Carte«ian  cn-onliiiali 
dlipBc  passing  tiirough  five  fioiiits,x,j', ;  x,r,-,  x^y,'.  x,y,i  x^y^.  n 
pleat  WHj-  of  forming  it  ? 

2.  Gircn  the  dements  of  the  orbit  of  a  binary  star,  haw  sliotild'l 

orbital  vrlotHty  in  Ihc  line  of  sight  vary  (a)  ns  the  poaition-anf(Ie  vark4,l 

*  at  ench  epoch  Juring  the  period  of  the  sjstem?  QuEtUST.gf 

A  complete  nnswer  to  tiie  first  query  will  furnish  the  tnei 
mining  the  orbit  of  a   binary  star  from   five  observations. 
Irt-aneh  of  the  second  tinery  is  ne«ded,  for  a  star  like  Algol,  where  O, 
not  observe  the  poeition-nngic,  nnd  can  only  note  the  tin 
with  the  spectroscope. 


e  de- 
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THE  PLANETS. 


Mercury  was  quite  conspicuous  in  the  southwest  for  a  few  evenings  in 

January.    It  has  now  passed  inferior  conjunction,  and  will  be  at  greatest 

elongation  west  from  the  sun  26°  50'  on  Feb.  23.    It  will  then  be  farther 

south  than  the  sun  and  hence  in  our  latitude  will  rise  onlv  a  little  over  an 

hour  earlier  than  the  sun. 

The  last  number  (2944)  of  the  Astronomische  Sachrichten  contains  a 
very  important  paper  on  *'  The  Rotation  of  Mercury/'  by  Professor  G.  V. 
Schiaparelli,  of  the  Observatory  at  Milan,  Italy.  The  paper  being  written 
in  Italian,  w^hich  we  do  not  read  readily,  we  cannot  give  the  substance  of 
the  paper,  but  the  important  conclusions  which  we  have  Ijeen  able  to  make 
out  arc,  (1)  that  Mercury  rotates  upon  its  axis  once  in  about  88  days; 
(2)  that  the  axis  of  rotation  is  nearly  ])erpendicular  to  the  plane  of  the 
planet's  orbit.  These  conclusions  he  draws  from  the  discussion  of  a  series 
of  observations  made  in  1882  and  1883  with  the  8-inch  refractor  (with 
"which  he  discovered  the  "canals"  of  Mars)  and  verified  by  observations 
made  in  subsequent  years  with  the  same  instrument  and  with  the  new  18- 
inch  refractor.  If  this  period  of  rotation  is  correct,  Mercury  always  turns 
the  same  side  toward  the  sun,  just  as  the  moon  always  turns  the  same  side 
to  the  earth.  Professor  Schiaparelli  finds  that,  as  in  the  case  of  the  moon, 
there  is  a  libration  in  longitude  which,  owing  to  the  large  eccentricity  of 
Mercury's  orbit,  amounts  to  about  4-7^.  He  gives  a  map  of  the  dark  mark- 
ings upon  the  \HsibIe  surface  of  the  j)lanet,  which  are  so  similar  to  the 
markings  upon  his  map  of  Mars  as  to  suggest  that  possibly  Professor 
Schiaparelli  may  have  a  bias  for  seeing  that  particular  kind  of  markings. 

Venus  changes  during  February  from  ** morning"  to  "evening  star" 
passing  through  superior  conjunction  Feb.  18.  During  this  month  she  will 
be  too  near  the  ravs  of  the  sun  to  be  easilv  seen. 

Mars  rises  soon  after  midnight  xmd  will  soon  l)c  in  good  position  for 
observation  in  the  southern  hemisphere.  He  is  too  far  south  in  declination 
tor  good  observations  in  this  latitude.  The  diameter  of  his  disk  on  March 
1  will  be  4.7"  and  0.898  bf  the  illuminated  surface  will  l)e  visible  from  the 
earth.  Mars  passes,  this  month,  through  Libra  into  Scorpio.  On  March  4 
at  10  p.  M.,  central  time,  he  will  Ixr  within  8'  of  the  bright  star  fi  Scorpii ; 
so  close  as  to  be  within  the  same  field  of  view  in  large  telescojK's. 

/up/ter  becomes  "morning  star"  in  place  of  Venus,  rising  from  an  hour 
to  two  hours  earlier  than  the  sun.  He  may  Ik?  found  near  the  southeast 
point  of  the  horizon  in  this  latitude.  The  last  numl)er  of  the  Monthly 
Xotices  contains  reports  of  the  occultaticm  of  Jupiter  on  .\ug.  7  last,  ob- 
aenred  by  three  oljservers  at  the  Radcliffe  Observatory,  and  by  Captain 
William  Noble  at  Forest  Lodge,  Maresficld.  Six  engravings  accompany 
the  reports,  showing  the  shadow  on  Jupiter's  disk  parallel  to  the  edge  of 
the  moon  as  seen  by  three  of  the  observers,  two  of  them  noticing  it  both 
at  immersion  and  emersion,  and  while  Ju])iter  was  at  a  short  distance  from 
the  edge  of  the  moon  as  well  as  when  in  contact  with  it. 
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d  jmsition  foruliservation  in  the  evening. 
be  cDtiily  rccogni:tcil  in  the  east  near  tbc  first  niagnituile  star  Kcgnlos  in 
ibe group  oftlie  Sitklc-  The  last  November  ruinbcr  of  llic  Monthly  Xatkca 
contoiiis  excellent  ephemcridcs  of  Saturn's  sntelUtes  for  the  first  half  of  this 
vcar,  l)y  Mr.  Marth.  The  earth  is  appronuhing  so  near  to  Ihc  pliitie  o(  Sat- 
urn's rings  and  iif  the  aalcllite  orbits  timt  Home  r)f  the  sntellites  will  suficr 
atx.'ultation  by  the  plunet  and  the  rings.  Tlicre  niny  be  oImi  eclipses  of  it|f 
satctlitcs  in  the  shadow  of  the  planet.  Mr.  Martb  has  intlii'Alcd  ttic  tinea 
uf  such  phenumenii  as  closely  as  ilic  demeiils  ufthe  snlellilcs'  orbits  will 
permit.  Ja[ictiis  will  be  in  transit  across  tile  ball  of  the  plnnet  MnKh  2 
truRi  3.4  A.  u.  to  K.H  A.  u,  central  timc.cnterinj,'  npun  the  disk  8"  south  nnd 
leaving  it  G"  south  of  the  center.  Mr.  Marth  says:  "  A.8  the  latituilcs  of 
the  inner  satellites  above  the  plane  of  the  planet's  e(|uatur,  and  also  tbc 
true  extent  of  the  shadow-cone,  arc  not  known,  it  is  uncertain  tvbcn  the 
cycles  of  the  eclipses  of  the  several  sntcllitcs  bc;;in.  In  the  case  of  Tctby 
the  first  eclipses  arc  not  olwervalile  fri>m  the  earth,  since  they  take  pUue 
while  tlic  satellite  is  bidden  by  the  plattct.  But  in  the  case  of  DIetac  the 
satellite  remains  outside  the  planet's  disc,  and  it  will  be  worth  while  to 
wutch  it  about  the  times  of  the  heliocentric  conjunctions  given  in  the  list, 
and  to  observe  some  of  the  earlier  eclipses,  taking  care  that  tile  times  of  the 
observed  disappearance  and  reappearance  should  refer  to  similar  phases. 
Observers  with  powerful  telescopes  should  look  out  whether,  at  the  pns 
dieted  time  of  "  Tc.  n."  [Tethys  north  of  planet]  in  February  and  March, 
the  shadow  of  Telhys  can  be  diswmcd  un  the  planet's  disc.  The  cm^junc- 
tionsof  Dioac  and  Rhea  with  Ihc  center  uf  the  planet  are.  dnring  the  ^rv- 
tMnt  apiiarition  of  Sali/rn,  most  favorable  for  the  iletermination  of  the  or- 
bital longitudes  of  these  satellites,  and  it  would  Ik  a  pity  if  the  opportuni- 
ties for  observing  them  were  neglected.  By  timely  publication  or  comranni- 
cation  of  their  otiscrvations  of  such  conjunctions  and  of  coi^unctions  ol 
Mimas.  Eiiceladus.  and  Tethys  witli  the  ends  of  the  ring,  obaervera  w^iild 
have  the  satisfaction  of  rendering  their  contributions  available  for  the 
pru|)t:r  prediction  of  the  occurrences,  which  will  make  the  olraervations  of 
the  satellites  during  the  next  apparitions  of  Saturn  specially  interesting." 

['rnniis  may   be  observed  after  midnight.    He  is  in  Virgo  nhottt  half 
way  between  Sjiica  and  the  fourth  magnitude  star  Kappa. 

Neptune   will   be   at   i|Uadrature  with  thc,«un  Feb.  10.  crossing  the 
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...30  4.7.0 
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5  -mTa.M. 
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3  40    ■' 
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10  57.8    " 
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Feb.  2*.. 

Mnr.    6.. 

16.. 

...22  39.6 
...23  26.1 
...  0  11.8 

—in  01 

-  5  12 

—  0  09 

6  58  A.M. 
6  45    ■■ 
6  32    ■■ 

MAkS. 

12  21.3  F.M. 
12  28.3    '■ 
12  34.S    ■■ 

5  45  r.M 

6  H     •• 
6  37    ■■ 

Feb.  24.. 

Mar.    6.. 

16.. 

...15  43.9 
.„16  01.2 
...16  ia.7 

—18  31 
—19  30 

-20  19 

12  40  a.m. 
12  22    '■ 

12  02    '■ 

G  26.7  A.M. 
5  04,6    " 

4  40.7    " 
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ji;piTi?R. 

R.  A.  Dccl.  Rises.  Transits.  Sets, 

hm  ^    *  hm  hm  hm 

Feb.  24 20  10.1  —20  23    5  14  a.m.  9  52.2  a.m.  2  30  p.m. 

Mar.  6 20  18.7  —19  57    4  41  '*  9  21.6  "  2  02  *' 

16 20  26.7  —19  31    4  08  **  8  50.3  '*  1  33 


«( 


SATURN. 

Feb.  24 10  10.9  +13  05    4  54  p.m.  11  50.7  p.m.  6  47  a.m. 

Mar.  6 10  07.9  -f  13  22    4  11  "  1108.4  "  6  06 

16 10  06.2  +13  37    3  28  **  10  26.3  "  5  25 

I'RANUS. 

Feb.  24 13  38.9  -  9  38    9  53  p.m.    3  18.1  a.m.  8  43  a.m, 

Mar.  6 13  37.9  -9  32    9  12  "     2  37.8  "  8  03  " 

16 13  36.7  -  9  25    8  31  "     1  57.3  "  7  23  " 

NEPTUNE. 

Feb.  24 4  00.2  +18  56   10  19  a.m.    5  41.0  p.m.  1  04  a.m. 

Mar.  6 4  00.6  +18  58    9  40  **     5  02.3  '*  12  2^  *• 

16 4  01.3  +19  00    9  01  "      4-23.5  "  1147  p.m. 

THE  SUN. 

Feb.  24 22  31.7  -  9  16    6  46  a.m.  12  13.4  p.m.  5  42  p.m. 

Mar.  6 23  09.1  -  5  28    6  29  "  12  11.3   '  5  54  '* 

16 23  45.8  -  1  32    6  10  **  12  08.7  -  6  07 


it 


Occultations  Visible  at  Washington. 

IMMERSION.    .  EMERSION. 

Star's                 Maipii-        Wash.     Angle  fm  Wash.     Angle  fm  Dura- 
Date.                  Name.                  tude.         Mean  T.     N.  P't.  Mean  T.       N.  P't.  tion. 

hm               "              hm              °  hm 

Mar.  6 y  Virginis 4           13  30          82  14  30        347  1  00 

9....94  Virginis 6Vi        11  59        155  12  59        270  I  00 

Minima  of  Variable  Stars  of  the  Algol  Type. 

Range  of  Approx.  Central 

R.  A.  Decl.         Magnitude.       Period.       TimeM  of  Minima. 

h      m     8  °      '  h    m     » 

VCephci 0  52  32    +81  17    7.1  to  9.2    2  11  50    Feb.  18, 12^  mdn. 

23,  12^'mid.:  28, 

I2»'mid.;  Mar.  5, 

11»>  P.M.;  10,  IP 

p.  .M.'  1.5    ll'^P.M. 

Algol 3  01  01     +  40  32    2.3  to  3.5    2  20  49    Feb.'27,'3''  a.  m  ; 

Mar.  2,12hniid.; 

4,9*"p.M.;  7,G^p.M. 
.-^Tauri 3  54  35    +  12  11     3.4  to  4.2    3  22  52    Mar.  7,  il'»'  p.  m.; 

11,  10''  p.  .M.;  15, 

<)'»  p.  M. 

RCanis  Maj...   7  14  30     -  10  11     5.9  to  0.7     1  03  10    Feb.  17,  V'  i\  m.; 

IS,  1()»'  p.  M.;  2(), 
V'  A.  M.:  20,  9''  p. 
M.;  27,  12»'  mid.: 
Mar.  1,  4*^  .\.  m.; 
0,  s»'  p.  M.:  7.  11'' 

^^ancri 8  37  39    +19  20    S. 2  to  9.8    0  11   38    Feb.  l.',.  1 1'' p.  .m.: 

.-  Mar.  0,  11''  i».  .M. 

°  ^»bra 14  55  06     -    H  05    5.2  to  0.2    2  07  51     Feb.  10, 12''  mid., 

24,    2''  A.M.; 

^'Corona 15  13  43    +  32  03    7.5  to  8.9    3  10  51     Feb.  18,'  ll''  v.m.I 

25,  9''  P..M.:  Mar. 

.,^^  15,  4''  A.M. 

'^viphiochi 17  10  56    +    120    0.0  to  6.7    0  20  08     Feb.  \e>,  2  .\.  w. 
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Phases  of  the  Moon. 

Central  Time, 
d      h     m 

New  Moon 1890  Feb.  19     4  28  a.  m. 

First  Quarter •*         *•    26     8  06  a.  m. 

Full  Moon ♦'     Mar.    6  12  47  P.  M. 

Last  Quarter "         '*    13  10  05  p.  M. 

Perigee "      Feb.  17     7  42  p.  m. 

Apogee "     Mar.    1     9  4-2  p.  m. 


Ephemerides  of  Saturn's  Satellites. 
[(.'omputiHl  b;y  A.  Martb,  Monthb'  NotleoH  K.  A.  S.,  vol.  l.  No.  I,  p.  5«.] 

Feb.  15  11.2  a.  rn.  Te.  n.  Feb.  24  «.l  p.  in.  Rh.  w.  Mar.    3  3.8  a.  m.  Te.  c. 

h..>  p.  ni.  lUi.  w.  ».7  p.  m.  Te.  n.                                                   Jap.  3" 

8.H  p.  m.  MI.  H.  2r>  12.7  a.  m.  En.  n.  12.2  p.  in.  Te.  h. 

IG    3.0  a.  m.  En.  h.  5.1  p.  hi.  En.  s.  12.8  p.  m.  Di.  n. 

9.9  a.  ni.  Te.  h.  r>.<i  p.  m.  Mi.  n.  3.6  p.  m.  Rh.  e. 

11.7  a.  ni.  Dl.  h.  k:\  p.  m.  Te.  8.  4  10.8  a.  m.  Te.  n. 

.7.2  p.m.  Mi.  H.  2G  12.2  a.  III.  Rh.  h.  6.7  p.m.  Rh.  n. 

7.4  p.  ni.  En.  n.  1.5  a.  m.  I)i.  u.  9.6  p.  m.  1)1.  h. 
11.6  p.  m.  lUi.  H.  4.6  p.  m.  Mi.  n.  5    9.5  a.  m.  Te.  h. 

17    l.sa.  m.    •8ni.pre-  7.0  p.m.  Te.  n.  9.8  p.m.  Rh.  w. 

cedeH  12.70.   un  parallel.  27    2.(»  a.  m.  En.  h.  6    6.4  a.  m.  I>1.  n. 

8.5  H.  m.  Te.  n.  3.3  a.  m.  Uh.  e.  8.1  a.  m.  Te.  n. 
5.S  p.  m.  Mi.  M.  10.3  a.  ni.  Di.  h.  7  12.9  a.  m.  Rb.  h. 
7.0  p.m.    •xmH.7s"  3.2p.m.  .Mi.  n.  6.8  a.m.  Te.  ». 

5.5  p.  m.    Dl.  n.  5.6  p.  ni.    Te.  ».  3.3  p.  m.     DI.  «. 

IS    2.7  a.m.  Uh.  e.  6.4  p.m.  En.  n.  8    3.1a  m.  Tlt.n.3«" 

7.2  a.  m.  Te.  h.  2s    6.4  a.  m.  Kh.  n.  4.0  a.  m.  Rh.  e. 

4.4  p.  m.  Mi.  H.  10.4  a.  m.  Tit.  b.36"  5.4  a.  m.  Te.  n. 
s.h  p.  m.  En.  H.  l.s  p.  m.  .Mi.  u.  4.2  p.  m.  En.  h. 

19    .'►.3  a.  m.  Dl.  h.  4.3  p.  m.  Te.  «.  9  12.1  a.  m.  Dl.  n. 

5.7  a.  m.  Rh.  n.  7.1  p.  m.  Di.  n.  4.1  a.  m.  Te.  i*. 

5.H  a.  m.  Te.  n.  Mar.   1     1.2  a.m.  Ml.  h.  7.0  a.m.  Rh.  n. 

1.2  p.m.  En.  n.  2.sa.  m.  TIt.f.  12.0  radn.  Ml.  n. 

3.0  p.m.  Mi.  H.                                                  .lap.  19''  10    1.0  a.m.  En.  h. 
I'o    4.5  a.m.  Te.  H.  9.5  a.m.  Hh.  w.  2.7  a.  ra.  Te.  n. 

.V«a.  m  Tit.  n.  34"  2.9  p.m.  Te.  h.  s.9  a.  m.  Di.  ». 

h.s  a.  m.  Rh.  w.  6.3  p.  m.  Te.  c.  10.1  a.  m.  Rh.  w. 

1.6  p.  m.  Mi.  H.  .lap.  3"  5.5  p.  m.  En.  n. 
2.2  p.  m.  Dl.  n.  7.S  p.  ni.  En.  h.  10.6  p.  m.  Mi.  n. 

10.1p.m.  En.  n.  ll.*»p.  m.     Mi.  m  11     1.4  a.  ra.  Te.  m. 

21  :{.!  a.  m.  Te.  n  2    3.4  a.  in.     .lap.  1.2  p.m.  Rh.  k. 
ll.ini.  III.  Hh.  H.  TranHit  IiiKreHH  s"  s.  5.7  p.  in.  Di.  n. 

2.5  p.  m.  En.  h.  :t.9  a.  m.     Dl.  h.  9.2  p.  m.  Ml.  n. 
li.op.  111.  Dl.  H.  s.s  a.  III.     .lap.  12.0  mdii.  Te.  ii 
11.5  p.  in.  Mi.  II.  TrnnHlt  E»freHM6"  H.  12    4.3  p.  ra.  Rh.  e. 

22  1.7  a.m.     Te.  M.  12.5  j).  in.     Rli.  h.  6.s  p.  ni.     En.  h. 
••5  0  p.  ni.     Uh.  ••                              1.6  |i.  m.    Te.  n.  7.K  p.  m.     Mi.  n. 

10.2  p.  III.  .Mi.  n.  4.6  j).  in.     .lap.  v.  10.7  p.  m.  Te.  h. 

11.4  p.  III.  Ell   H.  pre*'.  pn<i  of  rlii^  4"  K.  13    2.6  a.m.  Dl.  h. 

2:{12.4a.  III.  l>n.  6.6  p.m.     .Mi.  «-.  11.2  a.m.  En.  n. 

7.SH.  III.  Dl.  II.  .lap.  1"  6.5  p.  m.  Ml.  n. 

."{.s  p   m.  En.  II.  7.4  p.m.     .Ml.  «■.  7.4  p.m.'  Rh.  n. 

6.1  p  ni.  Uh.  n  prer.  «Mnl  of  rln>c  4"  9.3  p.  in.  Te  n. 
*«.s  p   m.  .Ml.  II  10. !•  p.  ni.     En.  c.  14  11  4  a.  m.  Di.  n. 

11. Op.  III.    T«'.  s  .laji.  1"  5.1  p.  m.  Mi.  n. 

•Ji     4.6  p.  Ill      Di.  ^  :{    15  a.  ni.     En.  «-.  s.O]i.  m.  Te.  »*. 

7  4  p.  Ill      -Mi.  II  jirer.  eiul  of  rln^c  6"  s.l  p.  m.  En.  n. 

10.5  p.  m.  Rh.  w. 

Km  -  Em-ehuliis:  Di.  _  Dioiie;  .lap.  =  .lapetUH:  .Mi.  =  MImaH:  Rh.  =  Rhea:  T**  = 
Teth.VM;  Tit.  Titan;  v.-  conjuiutlon  ;  e.  =  eastiTn  elongation  ;  w.  =  we»«tem  elonga- 
tion ;  11.  -  north  of  ifnter  of  planet  ;  m.  -  noutli  of  renter  of  planet.  The  eonjnnetlonii  «»f 
the  thre«*  liiiitTiiiost  pinnett*  with  the  entU  of  the  rln^  take  place  in  the  caiM»  of  MiniA*« 
abou  .'loh.  Ein-eln<iiiH.  :\.-2\\.  Teth.vs.  .'{..Mi  before  ami  after  the  pretiieteil  conjaoctions  with 
th««  e«'nt«'r,  wiilrh  are  not  obnervable. 

Milton  Vpdcf^raiT,  ot  Cordoba  Observatory,  Argentine  Confederation, 
South  Atncrica,  in  a  recent  letter,  savs:  **  Auwers'  list  of  480  fundamental 
stars   (for  southern   zone  observations),   which  I   have  Ijeen   working  at 

« 

during   the  i)ast  two  years,  will  be  finished  within  a  month  or  two,  and 
so«)n  after  its  c<>nii)letion  I  exiK-rt  to  return  to  the  I'nited  States." 
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COMETS. 

Comet  1881  V  {Denning),  The  following  epliemeris,  from  Astrono- 
iniscbe  SachrichteOj  No.  2942.  p.  222,  was  computed  by  Dr.  B.  Matthiesen, 
taking  accotmt  approximately  of  the  perturbations  by  Jupiter,  which  in 
1887  were  very  considerable  and  uncertain  in  amount.  Perihelion  passage 
falls  on  May  9,  but  under  such  unfavorable  circumstances  that  the  theoreti- 
cal brightness  of  the  comet  will  then  be  less  than  one-third  its  brightness  at 
t  be  time  of  discovery  in  1 881 ,  and  only  a  little  brighter  than  when  it  was 
last  observed  in  that  year.  It  will  be  a  morning  comet,  rising  at  best  only 
an  hour  and  a  half  earlier  than  the  sun,  so  that  it  is  extremely  doubtful 
\%'hether  it  will  be  detected  at  this  apparition. 


1890 

a 

app 

1. 

6  app. 

log  r 

log  A 

L. 

Feb.  10 

19»»  46" 

'14" 

—  23°  40.4' 

0.2008 

0.3782 

0.07 

14 

19 

59 

19 

—  23  13.0 

IH 

20 

12 

50 

—  22  40.5 

0.1735 

0.3546 

0.09 

22 

20 

26 

49 

—  22  02.4 

26 

20 

41 

16 

—  21  18.2 

0.1440 

0.3305 

0.11 

yiar.     2 

20 

56 

13 

—  20  27.6 

6 

21 

11 

40 

—  19  29.9 

0.1122 

0.3063 

0.15 

10 

21 

27 

35 

—  18  24.6 

14 

21 

44 

01 

—  17  11.4 

0.0782 

0.2830 

0.19 

18 

22 

10 

59 

—  15  49.8 

22 

22 

18 

27 

—  14  19.6 

0.0420 

0.2615 

0.25 

26 

22 

36 

25 

—  12  40.6 

30 

22 

54 

52 

—  10  53.0 

0.0040 

0.2430 

0.32 

Comet  18S4  II {Barnard's).  Since  writing  the  note  on  this  comet  last 
month  the  Astronomische  Sachrichten,  Xos.  2938-39,  have  come  to  hand, 
containing  a  definitive  determination  of  the  elements  by  Dr.  A.  Berlx-rich : 

Bpoch  1884.  Aug.  16.5  Berlin  mean  time. 
M=  359^  59'  49".  13  -|-    2.50  (hi 
w  =  301     01    58   .63  -  21 .10  du     \ 

Si  =      5    08    59  .12 -t- 26.44  cf//     J     Mean  e(|mno.\  18S4.() 
1=       5    27    38   .40-     5.5:5  r///     ) 
<p  =    35    44    50  .92  -  98.25  dft 
H  z=z  657".0839  ±  0".8876 
log  a  =  0.4882572        a    :  3.07791 
Time  of  perihelion  —  1H84  Aug.  1(5.516543 
Period  -  1972.35  ±  2.66  days. 

This  period  would  have  brought  the  comet  to  perihelion  Jan.  9.87 
1890.  but  under  such  unfavonible  conditions  ns  to  make  it  inip:>ssihle  to  be 
seen,  ^nce  the  longitude  of  the  comet  at  iK'rihelion  was  306  .  and  that  of 
the  sun  on  Jan.  9.  290°,  the  comet  was  only  9^  east  from  the  sun,  and  it 
will  remain  near  the  sun  for  several  months.  In  1S95  it  will  aj)iK»ar  early  in 
May,  when  the  conditions  for  its  re-discovery  will  l)c  somewhat  more  favor- 
able.   

Comet  18H8  III.  Elements  of  the  orbit  of  this  eonijL  have  been  com- 
puted by  Lieut.  Gen.  J.  T.  Tennant  {Monthly  Stttices,  .\ov.  1889.  p.  431 
ftx)m  eight  normal  places,  dei)ending  u|M>n  179  observations  extending  from 
Aug.  9  to  Oct.  27.    **  It  would  ap{)ear  that  the  orbit  is  really  elliptic. 
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though  the  eccentricity  is  very  uncertain.    Had  the  comet  been  discovered  a 

few  days  sooner  and  observed  about  perihelion,  we  might  have  had  doubts 

removed." 

T  =  July  31.0952 

i\  =  101°  30'  11" 

n^  =  160    38    50 

J  —    Y-t    12    23 

log  q  =z  9.955061-1:       q  —  0.901704 

e  —  0.9979 


Comet  1889  II.  Professor  E.  Millesovich  has  computed  elements  of 
this  comet  from  the  observations  of  date  March  31 ,  April  29,  August  29, 
and  October  23,  which  represent  an  observation  made  at  Vienna  Nov.  21  ^ 
within  the  corrections— 0.9«  and  —13"  {Astr.  Nach,  2941). 

T=  1889  June  10.80670  Berlin  mean  time. 
It  =186''  46'  58.4" 
O  =310    42    09.7    }  1889.0 
1  =  163.   50    26.0 
log  q  =  0.353260 ;  q  =  2.25559. 


Comet  1889  VI  (Swift,  Nov.  17).  The  orbit  of  this  comet  proves  to  be 
elliptic  and  of  short  period.  The  elements  derived  are  as  yet  somewhat 
uncertain,  owing  to  the  verA'  slow  motion  of  the  comet.  Of  the  two  sets  of 
elements  given  below,  the  first,  by  Rev.  George  M.  Searle,  depends  upon 
three  observations  of  dates  Nov.  18,  26,  and  Dec.  13  {Astr.  Jour.  No.  208), 
the  second,  by  Dr.  K.  Zclbr  (.4str.  Nach.  No.  2944)  upon  three  observations 
of  dates  Nov.  19,  29,  and  Dec.  9.  The  ephemeridcs  at  hand  do  not  extend 
beyond  Jan.  28. 

Computer:    Rev.  George  M.  Scarle.  Dr.  K.  Zelbr. 

T=  1889  Nov.  29.8212  Gr.  m.  t.         1889  Nov.  29.66411  Ber.  M.  T- 


7t  —    40°  26'  03"  ) 

40°  55'  52-8"] 

a)  —    70    01    05 

69    29    12.7 

v^'^330    24    58 

1889.0 

331     26    40.1 

1889.0 

/  —    10    15    03 

10    03    21.1   J 

log  q  —  0.31746        7—1.3544 

<^  — 43°  03'   18" 

39    08    23.1 

log  a       0.630275 

0.559784        a       3.6290 

^eriod  =^  8.82  years. 

6.91  years. 

Comet  1890  (Borrdly  1H89  Dec.  12).  Mr.  G.  A.  Hill  sends  the  follow- 
ing preliminary  elements  of  this  comet,  depending  upon  observations  only 
ten  days  apart.  Thc^-  do  not  (lifter  ver}-  much  from  those  of  other  comput- 
ers so  far  as  received. 

T=  1890  Jan.  26.832 

TC  =  209°  3S'  49"! 
io  -   197  22  35  I. 
w  =  12  10  14  I  ^ 


890.0 


J    =     57    35    44 
log  q  -  9.437828        q  -  0.2745 


It  is  passing  south  rapidly,  so  that  it  will  no-  longer  Ijc  visible  in  this 
latitude.    We  have  no  ephemeris  extending  l)eyond  Jan.  31,         H.  c.  w. 
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Orbit  of  Comet  g  1889  (Borreltyy  Dec.  12).    From  my  own  observa. 

-t^ions  of  Dec.  17,  21,  and  23, 1  have  computed  the  following  elements  of 

Borrelly's  new  comet  referred  to  apparent  equinox : 

r  =  1890.  Jan.  24.9162  Gr.  M.  T. 
ie  =  207°    5'  13" 
Q  =      5    24      9 
y  — J  56    59    44 

log  q  =  9.41694  q  =  0.26118 


Harvard  College  Observatory,  1890,  Jan.  6. 


O.   C.   WENDELL. 


NEWS  AND  NOTES. 

There  are  only  the  names  of  a  few  persons  on  our  subscription  lists  from 
"^'hom  we  have  not  received  orders  concerning  renewals  for  1890.  We  pre 
^ume  that  such  do  not  wish  The  Messenger  continued. 


This  number  contains  an  unusual  amount  of  mathematical  matter,  but 
^wc  esteem  it  useful  to  the  general  reader  as  well  as  to  the  scholar.  The 
liabit  should  be  formed  of  trying  to  read  or  do  things  that  are  mentally 
hard  to  do.  Suppose  one  cannot  fully  and  readily  understand  every  point 
that  a  scholarly  writer  makes,  that  is  no  good  reason  why  he  should  not 
try  patiently  to  get  something  from  such  sources.  The  better  way  is  to 
compel  the  mind  to  go  deeper  and  higher  every  day  by  painstaking  work. 


We  have  not  yet  met  with  the  degree  of  success  in  our  illustrations 
which  we  hoped  for  four  months  ago,  though  very  earnest  efforts  have  Ijcen 
put  forth  constantly  in  this  direction,  with  some  gain,  and  promise  of  more 
in  the  future. 


Two  or  three  subscribers  are  inquiring  concerning  the  purchase  of  sm  al 
second  hand  telescopes.  Any  ]x?rsons  having  such  instruments  for  sale,  in 
good  condition,  are  requested  to  give  us  full  information. 


An  interested  European  subscriber  and  corrcsjiondent  to  The  Messen- 
ger has  recently  made  some  very  jjertinent  suggestions  in  regard  to  math- 
ematical articles.  He  says:  "  I  wish  some  more  good  mathematicians 
would  apply  themselves  to  astronomical  problems.  Now.  that  the  satel- 
lite theory  of  Algol  seems  to  be  jjroved,  the  variations  of  its  i^eriod  become 
important,  as  well  as  the  much  greater  vari«itions  of  a  star  of  the  same 
class  in  Cygnus.  It  would  Ije  easy  to  name  other  problems  which  it  would 
be  of  much  us«  to  solve.'* 


Professor  H.  A.  Peck  of  the  Observatory  of  Syracuse  Tniversity,  Syra- 
cuse,  N.  Y.,  has  just  completed  a  set  of  tables  for  the  prediction  of  occiilta- 
tions  for  latitude  -f  43^  3'. 


George  A.  Hill,  Naval  Observatory,  Washington,  D.   C,  has  recently 
famished  The  Messenger  very  helpful  suggestions  an<l  useful  comet  notes. 
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The  Halsted  Obicrvatory  of  the  College  of  New  Jersey,  Pmlessor  C.  A- 
YoTing,  Director,  ha»  just  been  fitted  with  a  new  electrical  plant  for  lOaaog- 
ing  the  dome.  A  four-borse  power  C.  &  C.  mutiT  i%  connected  with  the  old 
machinery  formcrlv  driven  by  a  four  horse  power  (llto  gas  engine,  and  a 
Julien  Storage  batterj-  of  thirty-two  cells  supplies  the  current  In  work  the 
motor.  With  this  nm-ingemcnt  the  observer  himself  can  easily  manage  the 
apparatus  alone.  Formerly  it  was  necessar}-  to  call  on  a  machinist  to 
start  the  engine,  which  was  often  a  difficult  operation,  requiring  a  great  ex- 
penditure of  museular  energy,  and  a  perfect  knowledge  of  all  the  tricks  anil 
whims  of  the  machine.  When  tlie  engine  was  once  started  it  was  usutilly 
left  to  run  during  the  whole  time  of  observation,  which,  of  course,  invulrvd 
a  great  waste  of  power,  and  was  objectionable  on  account  of  the  tremor, 
noise  and  heat.  The  battery  is  charged  at  odd  times  as  it  becomes  neces- 
sarj'  either  by  n  small  dynomo  {in  the  Observatory)  which  is  driven  by 
the  gas  engine,  or  by  a  current  sent  down  from  the  dyiiama  house  at  the 
School  of  Science  building,  1000  feet  away. 

Astronomy  in  the  y 
omy  in  the  year  18S6  wi 
sanian  report  for  the  v> 
delayed  iiniil  late  Inst  i 
this  clnss  of  work,  if  wc 

and  notice  of  this  useful  pamphlet  late  for  our  readers,  but  we  supjKisc  it 
ran  not  be  helped  in  this  instance,  on  the  part  uf  those  in  the  charge  of  its 
preparation.  It  is  to  be  hoped  that  these  reiMirts  subser|uently  will  nppcar 
more  promptly  for  the  good  of  the  science  they  are  intended  to  serve. 

The  method  and  arrangement  for  the  Review  of  Astronomy  for  I!48C  is 
cHsentinlly  die  same  as  the  companion  numbers  from  lATQ  to  18H1,  the 
object  tjcing  to  |)rcpare  a  series  of  notes  from  all  the  various  brnnehes  of 
Astronomy,  that  may  lie  of  service  to  those  who  have  not  access  to  n  lurge 
astronomical  library.  The  feature  of  astronomical  hiblirigraphy  is  descir- 
ediy  made  prominent,  for  that  is  certainly  useful  to  the  professional  as- 
tronomer ns  a  reli:rciicc  list  of  technical  papers. 

The  article  on  the  comets  for  the  year  is  a  snggestjve  one  in  regard  to 
complete  and  ready  refcience  by  systematic  designation.  A  groaptng  uf 
the  different  names  thflt  individnsl  comets  take,  its  a  side  head,  in  different 
type,  is  an  excellent  idea.  Some  such  way  of  referring  to  comets  alter  the 
year  of  their  nppcamnce  has  i>aBsed.  would  always  be  definite,  avoid  crrnra 
and  save  confusion.  This  series  of  astronomical  notes  is  very  well  prcpurrd 
as  in  fact,  everything  of  the  kind  is  that  Mr.  Winlock  undertakes. 


ar  ISS6.  The  account  of  the  progress  of  Astron- 
s  prepared  by  William  C.  Winlock  for  the  Smith- 
ars  1886-87,  but  the  puh'icuiion  of  the  same  was 
■ar.  on  ncoonnt  of  the  lack  of  appropriations  for 
e  rightly  informeti.    This  makes  the  njipearance 


Qtiarti  Fitjrr.  This  Ix-antil'ul  it 
what  is  wnnted  for  micrnnicter  win 
lar  and  delicate  thread  is  iviintcd. 
onri  practice  can  make  it,  and  the  making  is 


of  Mr.  Boys  supplies  exactly 
fact,  wherever  it  strong,  rcgn- 
nnyone  with  a  little  |>alientic 
interesting  experiment. 


well  worth  the  doing  of  itself.  These  little  threads  can  be  had  of  a 
—one  tcn-lhouH.sndth  of  an  inch  diameter  {if  onH  cares  to  handle  lliem  as 
small),  ore  perfectly  round,  straight  and  polished,  which  can  lie  snid  of  no 
otbcr  wire.  A  jxisilio"  micrometer  recently  fitted  with  wires  of  Uii*  matcr^ 
inl  performs  admirably.  t.  C.  KtTCttiKS. 


Brn 


■.  J.I. 
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Delta  and  Mu  Centauri  Show  F  Hydrogen  Line  Bright,  An  examina- 
tion by  Mrs.  M.  Fleming  of  the  photographs  taken  by  Mr.  BaiW  in  Peru 
has  led  to  the  discovery  that  the  F  line  due  to  hydrogen  is  bright  in  S  and  // 
Centauri.  Additional  photographs  with  shorter  exposure  will  be  required 
to  decide  whether  the  other  hj'drogen  lines  are  also  bright  since  the  spectra 
so  far  obtained  are  too  intense.  This  makes  the  total  number  of  objects  of 
this  class  as  yet  discovered  seven,  y  Cassiopeiae,  <p  Persei,  it  Aquarii,  P  Cyg- 
ni,  28  Tauri  (Pleione),  S  Centauri  and  m  Centauri.  The  stars  ha\nng 
bright  lines  in  their  spectra  discovered  by  Rayet  and  the  variable  stars  of 
long  period  belong  to  different  classes. 


Xew  Artificial  Horizon  Apparatus.  In  the  New  York  Evening  Post  of 
Dec.  18, 1889,  the  reviewer  of  **  Hints  to  Travelers,"  a  manual  for  explor- 
ers, published  by  the  Royal  Geographical  Society  of  London,  calls  attention 
to  the  fact  that  the  glass  shades  ordinarily  used  in  connection  with  the  arti- 
ficial horizon  in  sextant  work,  may  be  dispensed  with,  a  light  wooden 
frame-work  covered  with  gauze  being  substituted  therefor. 

Apropos  of  this  subject  it  may  be  interesting  to  call  attention  to  a  com- 
paratively new  form  of  artificial  horizon,  which,  as  regards  portability  and 
ease  of  handling,  presents  marked  advantage  over  the  mercurial  horizon. 
This  new  device  consists  of  two  dishes  of  glass,  mounted  with  a  space  be- 
tween them  in  a  light  brass  frame  which  is  supported  by  three  leveling 
screws.  The  image  of  the  object  observed  upon  is,  of  course,  reflected  from 
the  plane  surface  of  the  upper  dish.  The  space  l^etween  the  dishes  is  nearly 
filled  \i'ith  ether,  leaving  a  bubble  which,  ])y  means  of  the  leveling  screws, 
enables  the  reflecting  surface  to  l>e  placed  |3erj)endicular  to  the  direction  of 
gravity.  Sextant  observers  will  do  well  to  give  this  new  horizon  ai>- 
paratus  a  trial.  John  tatlock,  jr. 

Bibliograpbie  Gcnerale  de  P Astronomic,  by  J.  C.  Houzcau.  Director  of 
the  Royal  Observatory  at  Brussels  and  E.  A.  Lancaster,  Librarian,  is  a 
work  of  verj'  great  labor  and  value.  The  second  volume,  containing  2225 
pages,  was  published  in  18S2,  and  presents  the  following  leading  topics  in 
separate  sections:  History*  and  Study  of  .\stronom\':  Biographies  of  As- 
tronomers; Spherical  Astronomy:  Theoretical  Astronomy;  Celestial  Me- 
chanics; Physical  .\stronomy ;  Practical  Astronomy;  Monographs  on  the 
Principal  Bodies  of  the  Solar  System  ;  and  Stellar  .\stronomy.  Kach  to])ic 
is  arranged  on  some  plan  that  makes  reference  to  any  matter  iK^longing  to 
it  vcrj*  eas>-  and  natural,  the  different  kinds  of  ty|K*  on  the  same  page  serv- 
ing as  an  index.  The  amount  of  useful  information  collected  in  this  volume 
is  an  agreeable  surprise.  The  first  part  of  the  first  volume  by  the  same 
authors,  and  published  by  F.  Ilayez.  printer  for  the  Royal  Academy  of 
Belgium,  appeareil  in  1SH7  and  is  a  neat  volume  of  808  pages.  The  entire 
volume  is  devoted  to  printed  works  and  manuscripts  on  astronomical 
themes.  The  first  half  of  this  part  presents  a  series  of  articles  on  the  intel- 
lectual development  of  different  phases  of  the  science  of  .istronomy. 
The  remaining  topics  for  this  j)art  are  two,  viz:  (1)  Historical  Works.  (2) 
Astrology,  with  subjects  in  chronohjgical  order.  Some  idea  of  the  gen- 
erality and  completeness  of  research  will  l>e  conveyed  to  the  reader,  ifwc 
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say  that  unilcc  these  two  heads  are  fotiiid  3915  subjects  each  having  a  ft 
points  of  interest  for  further  guidance  in  study.  The  second  part  of  tl 
first  volunne  wan  published  in  October  last  and  was  received  only  n 
we«ksago.  Its  frnntispiece  is  a  beautiliil  plate engmving  of  J.C  Houicuu. 
and  Ihe  introduetory  article  is  a  biographjcttl  sketch  of  this  distinguished 
and  stholariy astronomer.  The  hodj-of  this  part  isdivided  inlofourscetions 
treating  of  (I)  Particular  Biographies,  {'2)  Didactic  and  General  Worhs  on 
Astronomy;  13)  Spherical  Astronomy,  (4-)  Theoretical  Astronomy.  This 
work,  as  a  whole,  is  a  most  useful  part  of  an  HStronomicnl  library,  nnd 
will  be  welcomed  by  American  astronumers  especially  those  who  read 
the  French . 

Pliototp-ttphk  .Votes,  Reports  from  the  ec1i|»c  expeditious  are  us  yet 
meagre.  The  United  States  govemmeat  expedition  made  large  prepnra- 
tians  for  its  pholographic  work,  Mr.  Carbutt  and  Mr.  Wright  Ijeing  the 
photographers  of  the  party.  Priifessor  Holdcn  writes  of  their  outfit*. 
"They  arc  provided  with  a  photo  heliograph,  giving  nn  image  of  the  sun 
four  indies  in  diameter.  With  ibis  tlie  partial  phases  will  t)e  photographed 
on  orthochroraatic  plates  (No.  IB)  and  the  total  phase  on  orthiichromaiic 
plates  |No  2T).  A  lar^e  mirror  Ix'longing  to  Professor  Langlcy.  nn  crjua- 
torial  belonging  lo  Harvard  College  Observatory,  and  twenty  cameras  are 
also  provided  for  photography."  Of  the  results  we  hear  that  all  instm- 
nients  worked  perfectly ;  seventy  photographs  were  secured  before  totality ; 
clouds  interfered  with  the  work  during  the  period  of  totality ;  after  total- 
ity a  numlicr  of  pictures  were  secured.  Twenlj--tw<i-ineh  pliites  were  used, 
upon  each  of  these  ten  exposures  could  be  made.  Some  of  this  parly 
worked  far  out  at  sea  on  the  steamer  Pensacota,  while  others  were  on  tile 
Africn  mainland  near  the  mouth  of  the  Congo. 

The  Monthly  Notieea  of  the  Royal  AstroiTOfflical  Society  for  Ki 
makes  tlie  following  sta  tentcnt  in  regard  to  the  English  eclipse  cxiiedttl 
'"The  objects  of  the  photographic  outfit  of  the  eclipse  ex|>eiIition  of 
Roynl  Astronomical  Society  are  threefold 


detect  any  possible  changes  i 
half  that  elapse  between  totality  ai 

2.  To  photograph  the  cironal  extcn* 

3.  To  determine  the  photometric  inte 
.K  diagram  giving  the  mean  daily  nr 

iide  has  l>ecti  prepared  from  jihi 


the  corona  during  the  two  hoi 
I  the  respective  stations. 
ion  as  far  ns  possible, 
usity  of  the  corona." 
-ea  of  sun-spots  for  each  degree  uf 
:>graph8  of  the  ciiin  at  the  Roynl 
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Oh9«r\'ator\'.  Greenwich,  for  the  years  1S74-lfi88,  "  The  diagram  sliows  in 
<■  mnrked  manner  the  gradual  decline  In  the  distance  from  the  e(|aBlor  nf 
sun-spots  as  the  minimnm  is  approached,  and  the  sudden  appeanince  of 
ifputs  in  high  latitudes  after  the  minimnm  is  pnssol.  und  a  new  eyck  com- 
menced." 

Continued  experiment  with  etkonogen  is  proving  its  exeejitionat  value 
as  a  developer.  J.  D.  Rruwn  nf  the  I '.  S.  Army,  makes  the  following  state- 
ments as  the  rcsnlt  of  "  assiduous  experimenting,"  "I  give  the  combiiut- 
tion  I  nm  now  using,  and  which  gives  by  far  the  licst  general  results. 

No.  1 — Sulphite  soda,  240  grains;  water  pure,  IB  ounces:  dissolve  ntiil 
filter,  then  add  cikonogen,  12(1  grains, 

No.  2— Carbonate  of  imtash,  211  ounces  (Troy);  water,  12  fluid  nnneea. 


Vwe  three  u 


of  No. 
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The  result  will  be  a  clear,  unstained  negative,  with  every  detail  in  shad- 
ows and  lights  clearly  brought  out,  and  the  exposure  may  be  less  than  one 
half  that  proper  for  a  h3'drochinon  develo|x;r.'* 

C.  H.  Poor,  after  experimenting  on  one  hundred  negatives  of  the  same 
landscape,  writes:  **The  conclusion  I  have  come  to  is,  that  for  shutter 
work  eikonogen  is*  without  a  i)eer;  but  for  time  exposures  more  snap  and 
more  contrast  can  be  got  from  either  pyro  or  hydro,  with  the  advantage 
largely  in  favor  of  the  latter." 


The  Solar  Corona  is  the  name  of  a  recent  paj>er  prepared  by  Professor 
Frank  H.  Bigelow.  and  published  b\'  the  Smithsonian  Institution  at  Wash- 
ington, D.  C.  The  mode  of  attacking  the  puzzling  problem  of  the  corona  is 
by  the  principles  of  spherical  harmonics,  and  the  author  makes  an  interest- 
ing  study  of  three  points  in  the  structure  of  the  corona,  viz.:  (1)  Polar 
rays  nearly  vertical  to  the  coronal  poles  or  axis  of  reference  for  the  sym- 
metrical figure,  but  inclining  more  from  this  axis  than  a  radius  vector  to 
any  point,  as  the  vectoral  angle  increases:  (2)  Four  wings  disposed  upon 
two  axes,  each  inclined  at  an  angle  of  4-0°  from  the  vertical;  and  (3)  Exten- 
sive equatorial  wings  seen  more  distinctly  at  periods  of  solar  quiescence. 
The  supposition  that  supports  the  theory  advanced  is,  that  the  rays  ob- 
served are  lines  of  force  discharging  coronal  matter  from  the  body  of  the 
sun,  and  that  the  phenomenon  seen  is  similar  to  that  of  free  electricity. 
The  mathematical  part  of  the  paper  presents  both  the  harmonic  theory 
and  the  geometrical.  The  former  is  drawn  from  well  known  treatises  on 
harmonics  by  Todhunter,  Thompson  and  Tait  and  others;  but  the  more 
important  feature  is  the  application  of  this  theory  to  the  explanation  of  the 
corona.  The  author  thinks  that  the  straight  polar  ra\'s  of  high  tension 
carry  the  lightest  substances,  as  hydrogen,  meteoric  matter,  debris  of  com- 
ets, and  other  coronal  material,  awav  from  the  sun,  and  thev  l^ecome  soon 
invisible  by  dispersion ;  that  the  strong  quadrilateral  rays  which  form  ap- 
pendages conspicuoush'  seen  at  periods  of  great  solar  activity-  rapidly  dim- 
inish, and  at  the  distance  of  one  solar  radius  have  a  small  potential 
comparatively.  The  explanation  of  the  long  efiuatr)rial  wings,  with  ab- 
sence of  well  marked  quadrilaterals,  at  iicriods  of  minimum  activity,  is  due 
to  the  closing  of  the  lines  of  force  about  the  equator. 

For  detailed  study  the  author  applies  his  theory  to  the  drawing  of  the 
corona  by  Professor  Holden  as  observed  during  the  total  eclipse  of  Jan.  1, 
1889;  also  to  the  photographs  of  same  eclipse  made  by  Professor  Picker- 
ing. The  results,  to  say  the  least,  arc  suggestive,  and  possibly  offer  a  clue 
to  the  explanation  of  the  solar  corona  that  is  worthy  of  further  critical 
study. 

November  Meteors,  The  night  of  Novemljer  16th  last  was  very  clear. 
A  deep,  dark,  but  brilliant  sky  presented  itself  and  every  object  stood  out 
wonderfully  prominent.  Twenty  eight  meteors  were  counted  in  one  hour 
(about  9  to  10  p.  M.)  Two  were  of  a  decidedly*  bluish  color.  Nearly  all 
proceeded  out  of  the  usual  locality  of  the  heavens  already  famous  as  a 
radiant  point.  My  observation  did  not  cover  the  previous  evening,  and 
only  for  about  the  hour  of  the  evening  mentioned.  e  j.  BRooKiNCtS. 

Washington,  D.  C,  Dec.  1889. 
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Total  Eclipse  of  Dec.  22  at  Cayenne,  South  America.  Mr.  Charles  H. 
Rockwcll,  who  was  in  corapatij-  with  the  Lick  obaerviiig  parly  at  Cay- 
enne, has  very  kindly  sent  us  details  of  observations  of  the  late  total  solar 
eolipse.  Though  given  in  a  private  letter  we  are  sure  our  readers  will  enjor 
most  what  lie  soya  in  his  own  words  as  follows ; 

"  It  is  a  week  to-day  since  the  eclipse  was  seen  here.  Perhaps  j-our  reg. 
titar  corresiiondcnt  at  this  point  has  already  n-porteil  tlie  success  of  our  ob- 
servntionB  bo  that  the  notes  of  an  occasional  contributor  merely  repeat  old 
news.  The  only  pnrty  who  did  any  work  here  was  conijiosed  of  Messrs. 
Bumhani  nnd  Sohaeberle,  from  Lick  Obscrvatury.and  your  humble  servant. 
1  did  not  bring  any  instruments,  coming  to  see  the  country,  and  to  put  in 
the  time  on  the  way  to  California,  There  is  only  one  r^dar  comitiuniea- 
tion  n  month  between  Cayenne  and  the  world  at  large.  I  left  Murtiniqtic 
on  this  ref;u1ar  ateantrr.  and  was  joined  at  Trinidad  hy  Messrs.  Bumhan) 
and  Schacltcrle.  so  that  we  arrived  here  in  comjinny  on  30th  Xuvcniber.  As 
we  approached  our  destination,  the  information  which  we  received  was  not 
calculated  to  rjiise  our  S]nrits  or  to  strengthen  our  hopes.  We  hove  strock 
the  rainy  season  for  this  section,  and  rain  here  means  busincas— no  foolish- 
ness. However  we  went  to  work,  and  were  all  ready  for  the  event  some 
days  in  advance.  It  rained  stendily  all  night  Ijefort  the  eclipse.  We  tum<d 
out  before  daylight;  the  rain  had  stopped,  but  the  morning  was  so  dnrlc 
nnd  cloudy  as  to  give  no  hint  which  was  cast  or  which  was  west.  In  fact, 
we  did  not  once  see  the  sun  until  more  than  half  an  hour  afier  first  contact. 
Then  came  a  short  shower  and  a  break  in  the  clouds  showed  the  moon  cov- 
ering two  thirds  of  the  sun's  disc.  Of  course  the  ntmogphcrc  wiw  chorecd 
with  moisture — 94  per  cent  is  the  normal  condition  of  things  here— but 
there  was  no  cloud  between  us  and  the  moon.  All  our  work  was  in  the  line 
of  photograpllv — nothing  else  was  attempted.  Mr.  Dumham  nurd  a  KtX- 
incn  equatorial  from  the  Lick  Observatory  with  the  agierture  reduced  to 
three  inches.  Mr.  Schneberle  had  a  DoUinger  photugrajihlc  telescope  Also 
of  six  inches  belonging  to  the  Naval  Observntory— full  a|>crture-  I  heljicd 
IH  miiiiipuldte  nn  eighteen-inch  reflector  belonging  to  Mr.  Schacberle  which 
he  ilxfd  up  in  a  most  ingenious  manner.  Two  pieces  of  joist,  3X4  inches. 
12  feet  long,  were  held  a  foot  apart  hy  slats  and  braces.  This  was  the 
backbone  of  llie  tulie.  Sis  or  eight  barrel  hoops  vvere  nailed  to  the  joists 
— these  were  the  ribs— and  over  these  was  a  covering  of  block  calico.  A 
barrel  was  sawn  in  two.  ten  inches  frnm  the  head  end,  anil  so  as  to  given  tub 
in  which  the  reflector  disc  was  pnclied.  The  elevation  nnd  aiimuth  were 
determined  in  advance  and  a  screw  was  turned,  one  revolnlion  in  ten  sec- 
onds, so  as  to  keep  the  focns  on  the  photographic  plate.  As  il  w.is  wholly 
a  volunteer  move  on  the  part  of  Mr.  Schaeberle  to  bring  this  gloss  aloou, 
it  seemed  enninently  proper  that  the  volunteer  observer  shoidd  tine  it.  lif 
any  results  were  obtaineti,  well  and  good  ;  if  not,  then  no  program  was  in- 
terfrred  with  and  no  harm  was  done.  We  each  exposed  four  plates  and  the 
whole  twelve  have  turned  out  good.  On  some  of  them  the  curved  rays  of 
thecorono  are  beautifully  shown.  Father  Perry  and  his  party  were  sta- 
tioned on  tile  Isle  dc  Salut,  about  twenty-live  miles  ofl^  shore  from  herv: 
tliey,  too,  had  fair  weather.  A  French  amateur  observer,  Count  de  Baueve. 
was  also  on  the  island.  He  carried  out  instructions  given  him  bv  M. 
Janssen  as  to  the  details  of  his  work.  He  has  not  yet  devclojied  liis  plates. 
The  governor  cif  this  colony,  M.  Gerville  Roach,  has  Ireolcd  us  in  the  kind- 
est manner  piissible,  doing  all  in  his  power  to  aid  us.  The  living  heic  i; 
poor  enough,  just  sufficient  to  keep  soul  and  body  together.  Messrs.  Eb 
linin  and  Schaeberle  are  in  good  health.    I  have  lieen  only  tolemblya 

since  coming  ashore.    We  shall  be  glad  to  get  away  by  the  8* ~- 

Janunrv. 

Cayenne,  Dec,  29. 1S89. 
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The  Elements  of  Astronomy.  A  Text  Book  for  Use  in  High  Schools  and 
Academies.  B>-  Charles  A.  Young,  Ph.  D.,  LL.  D.,  Professor  of  Astron- 
omy in  the  Cfollege  of  New  Jersey.  Boston,  U.  S.  A.,  and  London: 
Messrs.  Ginn  &  Co.,  publishers,  1890:  pp.  430.  Supplement  Urano- 
graphy,  pp.  42,  with  4  double-page  maps  of  the  constellations. 

Teachers  or  students  who  may  be  somewhat  acquainted  with  the  au- 
thor's General  Astronomy  for  Colleges  and  Scientific  schools  may  have  the 
impression  that  this  new  book  is  a  mere  abridgement  of  the  other  and  large 
one.  A  careful  examination  of  it,  however,  will  correct  any  such  erroneous 
notion,  and  will  show  that  everything  has  been  worked  over  and  adapted 
to  the  needs  of  a  High  School  course,  as  observed  in  the  1)est  schools  of  this 
class.  The  standard  for  the  pupil  is  placed  high,  as  probably  many  teach- 
ers will  say  as  the  new  work  is  examined,  and  some  may  hastily  conclude 
that  it  is  too  difficult  for  the  place  it  is  intended  to  fill,  but  we  do  not  be- 
lieve that  to  be  a  fair  estimate  of  the  book  at  all,  nor  a  wise  forecasting  of 
what  it  will  do  if  tried  in  the  class-room  in  the  hands  of  a  live  teacher. 
For  one,  we  are  glad  to  find  one  more  author  added  to  th»  short  list  of 
text-book  writers  who  are  able  to  make  a  book  that  has  the  power  in  it  to 
stimulate  thought,  and  to  bring  pupils  out  of  halnts  of  narrow  and  one- 
sided ways  of  looking  at  things,  and  to  arouse  in  them  a  desire  for  further 
acquisition.  At  danger  points  the  teacher  must  step  in  and  regulate  the 
aim  of  truth,  to  be  sure,  in  all  cases,  that  it  do  not  overshoot  the  range  of 
the  pupil's  intelligence.  Another  feature  impresses  us  strongly.  In  an  ele- 
mentary text  book  some  statements  must  l>e  incomplete,  but  it  is  import- 
ant that  all  should  be  correct  and  accurate  as  far  as  they  go.  Incomplete- 
ness of  statement  does  not  necessarily  involve  that  which  is  false,  Jil though 
it  sometimes  happens  that  the  two  ideas  arc  found  in  company  in  element- 
ary studies.  The  experience  and  skill  of  the  tcfichcr  are  likely  to  divorce 
these  natural  enemies  when  he  writes  a  text  l>ook  forj-oung  minds  which  he 
has  learned  to  know  as  others  cannot  appreciate  them.  The  general  order 
of  the  matter  of  this  Ijook  is  about  the  same  as  that  of  author's  (ieneral 
Astronomy,  and  the  arrangement  of  the  topics  in  chapters  is  as  follows: 

1.  Fundamental  Notions  and  Definitions.  2.  Fundamental  Problems  of 
Practical  Astronomy.  3.  The  Earth.  4.  The  Orbital  Motion  of  the  Earth 
and  its  Consequences.  5.  The  Moon.  6.  The  Sun.  7.  Eclipses.  8.  Celes- 
tial Mechanics.  9.  Planets  in  f»eneral.  10.  The  Individual  Planets.  11. 
Comets  and  Meteors.  12  and  13.  The  Stars.  Then  follow  three  chapters 
^ving  supplementarA'  matter  to  articles  in  the  text,  methods  for  detennin- 
mg  the  solar  parallax,  a  description  of  astronomical  instruments,  tables  of 
useful  astronomical  data.  (|uestions  for  review,  and  a  general  index. 

We  have  lieforc  spoken  in  detail  of  the  subject  matter  of  the  Author's 
General  Astronomy  and  hence  it  is  not  necessary  now  to  particularize  in 
our  review  in  the  same  way.  For  those  who  have  seen  neither  book,  it 
may  be  proper  to  say,  that,  in  our  judgment,  both  are  books  of  very  re- 
markable worth  for  the  places  they  are  resjiectively  designed  to  fill.  A 
final  word  may  be  added  res|)ecting  the  "suggestive  questions"  for  use  in 
reviews  and  Uranography.  We  want  to  call  the  attention  of  teachers  to 
the  free  and  frequent  use  of  these  (|ueries  and  similar  ones  which  they  will 
suggest.  Those  who  have  not  tried  such  exercises  we  believe,  are  not  at  all 
aware,  what  a  rapid,  lively  run  of  such  (juestions  will  do  a  student  and 
turn  the  knowledge  of  the  text-book  to  familiar,  practical  uses.  Much  in 
the  same  general  way  might  l)e  said  of  practice  in  the  elementary  study  of 
Pranography.  This  text-book  will  help  the  live  teacher  and  the  willing 
sttident  in  such  ways  as  these  in  addition  to  the  ordinary'  modes  of  study. 
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AsntOKOMV.  New  and  Old,  By  Rev.  Martin  S.  Biennan,  A.  M..  Kcctor  of 
the  Clmrfh  of  St.  Tliomas  of  Aquin,  St.  Louis.  Mo.,  AntUor  of  ■'  Elet. 
tricity  anil  Its  Disco vrries,"  and  "Wliot  Catholics  Hav-  Done  for  Sci- 
ence/' NcwYnrk:  Culholic  Publication  SocictvCo.,9  Barclay  StrwL 
London :   Burns  &  Oates.    Pp.  2GS. 

The  oulhor  ftug^csts  in  llw  preface  of  this  new  liook  that  its  object  n 
"to  give  an  epitome  of  the  vast  Bcicitce  of  nstronoiny  in  the  simplest  anil 
most  concise  manner  iKissilile.  nnil  that  he  Hims  at  the  utmost  fairness 
throughout  the  work  and  thai  particular  cure  is  exercised  in  this  respect,  in 


It  of  tlic  history  nnd  the  different  hyjiotheses  of  the  tetencc. 
Tlic  title,  ■' ABtroiiomy,  New  and  Old,"  is  an  uppropHatc  one;  for  the 
old  astronomy  is  the  most  perfccl  of  the  sciences,  reaching  back  through 
the  times  of  the  grcnt  Htpparchus  to  the  dnwii  of  tradition,  while  the  new 
aatrouoaiy  is  of  recent  birth,  scarcely  yet  twenty  venrs  old,  liut  hy  its  won- 
derful i>Togress.  a  new  held  of  brilhant  and  t'asanating  research  has  been 
opened  that  the  author  well  names  hy  thcbrond  terms,  the  sctenee  of  cdrs- 

This  book  contains  sixteen  chapters  with  the  following  titles,  reapect- 
IveXy:  History;  Division  of  Time  and  the  Calendar;  Spectroscope;  Sun; 
Moon;  Planets:  Arc  the  Planets  Hnbitahle?;  Comets;  Shooting  Stars;  Zod- 
iacal licht;  Starry  Heavens,  includingll)  Constellations,  (2|StnrB,|3) 
Star  Clusteijp  and  Nehulic;  Celestial  Photography;  Celestial  Measure- 
ments; and  Mechanism  of  the  World. 

The  chapter  on  the  History  of  Astronomy,  consisting  of  18  pajj^s  and 
covering  a  period  from  the  time  of  the  Chaldeans  to  the  present,  is  concise, 
well  written,  and.  so  far  as  we  notice,  accurate  in  statement.  The  second 
chapter  treats  of  the  division  of  time  and  calendar.  This  is  the  l>est  and 
clearest  brie/' statement  of  these  interesting  themes  that  we  have  noticed  in 
nny  modem  bonk  on  the  elements  of  astronomy.  At  almost  a  single  read- 
ing the  student  is  in  possession  of  the  facts  about  the  calendar  that  he  can 
easily  rcmf-mlier  and  readily  apply.  Accompanying  the  chapter  on  the 
spectroscope  is  a  full  page  plate,  in  colon,  showing  the  spectra  of  the  sun 
and  three  stars  arranged  for  comparative  study,  and  the  Ijrief  aceount  of 
the  growth  of  science  hy  the  aid  of  the  spcctroscoire.  with  the  names  of 
discoverers  and  the  dates  of  their  discoveries  side  by  side,  is  a  very  usefnl 
run  of  historical  information  in  convenient  form  for  reference.  The  chap- 
ters on  the  sun,  moon,  planets,  stars,  and  others  connected  indirectly  thcnv 
to,  arc  based  on  late  researches,  and  give,  in  the  main,  the  prevailing 
opinions  of  scholars  of  authority  in  tlleir  respective  lines  of  study.  In  an 
epitomiied  treatment  of  so  large  a  tliemc,  it  is  almost  unavoidable  that  in- 
complete statements  will  here  and  tliere  crer{i  into  the  text.  We  notice  one 
sDch.  On  page  1 09  the  velocity  of  light  is  said  to  be  18fi,0()(l  miles  jxr  sec- 
ond ns  determined  by  the  eclipses  of  Jupiter's  satellites.  By  other  and  later 
proo^  the  accepted'  vahie  is  188,330  miles.  We  did  not  notice  this  ad- 
ditional value  elsewhere  given  in  the  book. 

The  topics  of  cetesti^  measurements  and  the  mechanism  of  the  world 
are  a  plain  setting  forth  of  facts,  methods  and  theories.  We  enjoj-cd  rend- 
ing the  author's  rcmarbs  on  the  latter  theme  especially.  After  a  very  Ititl 
verbal  quotation  of  the  La  Place  theory  tir  hypothesis,  it  is  t«™wcd  in  a 
fixsb,  fearless  way  that  evinces  a  comprehension  of  difficulties  and  a  Suon 
grip  in  statement  that  we  think  does  not  lack  in  dignity  or  force  to  claim 
the  attention  of  thinkers  and  theorists  themselves. 

The  new  cuts  from  this  book  are  from  recent  photographs  by  Professor 
C.  M.  Charroppin,  S.  J.,  St.  Louis  Observatory,  and  the  Solar  Eclipse  party 
of  Protcssor  Pritchett,  of  Washington  University,  St.  Louis,  at  Nomuin, 
Cnlifbmitt,  Jan.  1,  1880-  AttenUon  is  called  to  the  advertisement  of  this 
book  elsewhere  given. 

Books  Received. 

An  Elementorv  Treatise  Upon  the  Method  of  I^cost  Squares.  Hv 
Ceottr.y.  C.  CoMSTock,  Director  of  Washburn  Observatory,  Madison,  Wis!, 
Messrs.  Ginn  &  Co.,  Publishers,  Boston,  Mass. 

The  Elements  of  Differential  and  Integral  Calculus.  By  T.  A.  Smith, 
Pro^—or  of  JUathematics  and  Physics,  Beloit  College,  Wis. 
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To  answer  irany  queries  that  come  to  us  from  time  to 
time  from  interested  readers  of  The  Messenger,  we  have 
collected  and  give  below,  the  principal  facts  concerning  the 
equatorial  telescope  of  Lick  Observatory,  which  is  now  the 
largest  and  most  powerful  instrument  of  its  kind  in  the 
world.  Many  of  these  facts  have  appeared  in  print  before, 
but  tbey  are  repeated  in  connection  with  some  new  ones, 
that  the  general  reader  may  have  at  hand  a  brief  and  con- 
cise statement  of  them  for  ready  reference. 

By  kindness  of  Messrs.  Warner  &  Swasey,  Cleveland,  Ohio, 
we  are  able  to  give  a  fine  cut  of  this  great  telescope  for 
frontispiece  to  this  number. 

This  noble  instrument  was  completed  in  1888,  and  placed 
on  Mt.  Hamilton,  Santa  Clara  Coutity,  California,  which  is 
fifty  miles  southeast  of  San  Francisco,  and  twenty-six  miles 
east  of  San  Jos^.  The  elevation  of  the  site  above  sea  level 
is  4,209  feet  and  it  commands  a  view  of  the  southern  end  of 
the  San  Francisco  Bav. 

A  few  of  the  prominent  features  of  the  mounting  of  this 
telescope  may  next  be  named.  The  column  is  of  cast  iron 
10  X  17  feet  at  the  base,  and  4x8  feet  at  the  top,  and 
weighs  20  tons.  On  this  rectangular  column  rests  the  head, 
weighing  4  tons,  into  which  is  journaled  the  polar  axis. 
Around  this  head  is  a  balcony  on  which  the  assistant  astron- 
omer is  stationed.  Bv  a  svstem  of  wheels  he  is  able  to  ad- 
jnst  the  instrument  for  the  study  of  any  celestial  object 
desired,  and  to  read  positions  by  microscopes  illuminated  by 
electric  lights.  The  polar  axis  is  made  of  steel,  12  inches  in 
diameter,  10  feet  long,  and  weighs  2,700  lbs.  The  declina- 
tion axis  is  also  of  steel  10  feet  long,  and  weighs  2,300  lbs. 
The  tube  is  of  steel,  57  feet  long;  its  diameter  being  4  feet  at 
the  center  and  38  inches  at  the  ends. 


The  tube  complete  with  its  attachments  weighs  5  tons, 
and  its  motion  in  following  a  star  is  controlled  by  a  driving 
clock  which  weighs  one  ton,  and  which  is  placed  within  the 
column  and  near  its  top,  and  within  easy  reach  from  a  land- 
ing of  the  spiral  staircase.  The  center  of  motion  of  the 
tulic  is  37  feet  above  the  base,  and  when  the  telescope  is 
pointed  to  the  zenith  the  object  glass  is  65  feet  above  the 
base  of  the  column.  At  the  side  of  the  great  tube  three  tele- 
scopes are  attached  of  aiwrturea  respectively  G,  4-,  and  3  in., 
which  serve  as  finders.  When  the  instrument  is  turned  in 
declination  the  weight  of  the  part  of  it  in  motion  is  7  tons. 
When  moved  in  right  ascension  the  weight  (if  moving  part 
is  14.  tons.  The  total  weight  of  this  great  telescoiie  is  40 
tons. 

The  object  glass  was  made  by  Alvan  G,  Clark,  Cambridge- 
port,  Mass.,  and  has  a  clear  aperture  of  36  inches,  a  focal 
length  of  627  inches  and  weighs  in  its  cell  532  lbs.  One 
second  of  arc  at  the  focus  is  therefore  about  y^^o  ^^  ^"  inch, 
and  the  image  of  the  sun  at  the  focus  is  6  inches  in  diameter. 
The  photographic  corrector  is  a  lens  of  33  inches,  clear 
aperture  with  a  focal  length  of  550  inches.  The  photo- 
graphic image  of  the  sun  is  therefore  5^  inches  in  diameter. 
Upon  these  images  much  work  is  done  by  the  astronomer  by 
the  aid  of  special  accessories  such  as  the  spectrosco]>c,  mi- 
crometer, photographic  apparatus,  etc. 

The  magnifying  power  which  this  instrument  carries 
ranges  from  180  to  3,000  diameters.  Professor  Holden  has 
remarked  on  this  point  that,  "While  the  magnifying  power 
which  can  be  siiccessfullv  used  in  a  five-inch  telescope  is  not 
more  than  400,  the  36  inch  telescope  will  permit  a  magnify- 
ing power  of  more  than  2,000  diameters  on  suitable  objects, 
stars  for  example.  This  power  can  not  be  used  on  the  moon 
or  planets  with  real  advantage  for  many  reasons,  but  prol>- 
ably  a  power  of  1.000  to  1,500  will  be  the  maximum.  The 
moon  will  thus  appear  under  the  same  conditions  as  if  it 
were  to  l>e  viewed  by  the  naked  eye  at  the  distance  of  say 
200  miles.  This  is  the  same  as  saying  that  objects  3O0  feet 
square  can  be  recognized.  So  that  no  village  or  great  canal, 
or  even  large  edifice  can  be  built  on  the  moon  without  our 
knowledge.  Highly  organized  life  on  the  moon  will  make 
itself  known  in  this  indirect  way  if  it  exists." 
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We  have  just  received  "Notices  from  the  Lick  Observa- 
tory," prepared  by  members  of  the  staff,  in  which  appear  an 
abstract  of  a  paper  by  Mr.  Keeler  on  the  Efficiency  of  the 
Great  Equatorial^  which  is  given  here  in  full  as  follows : 

Efficiency  of  the  Great  Equatorial. 

The  following  extract  from  a  paper  by  Mr.  Keeler  sum- 
marizes the  opinions  of  the  astronomers  of  the  Lick  Observ- 
atory upon  the  performance  of  the  great  telescope,  and  may 
be  of  general  interest : 

..."  As  the  large  telescope  has  now  been  sufficiently  long 
in  use  for  a  thorough  test  of  its  various  qualities,  it  may  be 
worth  while  to  give  a  brief  summary  of  the  different  kinds 
of  work  in  which  it  has  proved  to  be  effective.  # 

"  Separation  and  measurement  of  close  double-stars^  as 
attested  by  the  long  list  of  new  doubles,  and  micrometer 
measurements  of  these  and  of  difficult  pairs  already  known, 
published  by  Mr.  Bumham.* 

**  Detection  of  very  faint  stars.  Professor  Holden  and  Mr. 
Schaeberle  have  observed  six  stars  within  the  dark  interior 
space  of  the  ring  nebula  in  Lyra,  besides  the  central  one 
(No.  14  of  Lassell's  drawing),  and  five  more  within  the  neb- 
ulosity,! and  of  all  these,  only  the  central  one  was  previous- 
ly known.  An  example  of  a  double-star  with  extremely 
minute  components  discovered  with  this  telescope,  is  the  pair 
preceding  the  trapezium  in  the  nebula  of  Orion. t  It  was 
found  by  Mr.  Barnard;  and  Mr.  Burnham,  who  measured  it, 
considers  it  the  most  difficult  pair  with  which  he  is  ac- 
quainted in  the  whole  heavens. 

In  this  connection  mavalso  be  mentioned  the  observations 
of  the  satellites  of  Mars,§  made  here  during  the  opposition 
of  1888.  When  Mars  was  in  opposition  the  satellites  were 
easy  objects,  being  plainly  visible  without  the  aid  of  an  oc- 
culting bar  to  hide  the  planet,  and  they  were  seen  as  late  as 
July  18th,  when  their  brightness  was  only  0.12  of  that  of 
their  discovery  in  1877. 

''Observations  of  the  structure  of  the  nebulae.  The  Lvra 
nebula  has  alread}'  been  mentioned    under   the    preceding 

•  Aatronominche  Sachrichten.  rNos.  2l»i:9  nnd  293(h. 
t  Monthly  \oticea,  R.  A.  S.     (Vol.  XLVIII,  No.  3h:J). 
t  Monthly  Soticcs,  R.  A.  S.     (Vol.  XLIX,  No.  <>). 
S  Astronomical  JoumnI,  (No.  17s). 
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division,  but  only  in  relation  ti>  the  minute  stars  which  ap- 
pear in  it.  The  structure  of  the  nebula  itself  was  better  seen 
by  Professor  Holden  with  this  instrument  than  with  any 
other  that  he  had  used.  He  says:  'One's  6rst  idea  is  not  so 
much  that  the  aspect  is  unfamiliar  as  that  it  is  distinctly  dif- 
ferent; that  its  simple  structure  has  suddenly  become  com- 
plex; and.  finally,  that  the  task  of  depicting  it  completely  is 
practically  impossible  by  the  ordinary  methods.'*  The  ob- 
servations  which  show  the  probable  existence  of  heltcnl 
forms  in  the  ncbultet  should  also  be  mentioned. 

"  Observations  of  comets.  The  companions  of  Brooks' 
comet  have  been  observed  and  measured  during  the  past  few 
months  by  Mr.  Barnard,  who  finds  a  considerable  advan- 
tage in  the  thirty-six-inch  over  the  twelve-inch  refractor.! 
With  the  latter  instrument  the  faint  companions,  called  by 
Mr.  Barnard  D  and  E.  were  at  all  times  invisible,  although 
for  blackness  of  field  and  excellence  of  definition  the  twelve- 
inch  telescope  is  unsurpassed. 

'■  Definition  of  the  surface  features  of  a  planet.  The  views 
of  Jupiter  obtained  here  during  the  past  opposition  have 
eiifficieiitty  proved  to  all  the  observers  that  the  large  tele- 
scope is  as  suitable  for  the  observation  of  planetary  details 
as  for  the  other  classes  of  work  above  given.  The  extremely 
fine  division,  discovered  by  the  writer,  in  the  outer  ring  of 
Saturn,  out  side  of  the  Enche  shading,§  h,Ts  been  seen  by  all 
the  observers  here  on  numerous  occasions,  but,  so  far  as  I 
nm  aware,  it  has  been  seen  at  no  other  place.  Finally,  I 
may  refer  to  observations  by  Professer  Holden,  not  yet  pub- 
lished on  details  seen  in  specially  interesting  parts  of  the 
lunar  surface. 

"These  different  classes  of  astronomical  work  essentially 
cover  the  field  of  visual  observation. 'and  in  all  the  thirty -six- 
inch  refractor  has  shown  its  capabilitv  of  viclding  tlie  best 
results." 

The  possibilities  of  this  instrument,  by  the  aid  of  its  pho- 
tographic  apparatus,  are  probably  ver>-  much  greater;  but 
how  much  greater  we  are  not  yet  able  to  say,  as  the  instru- 
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ment,  so  far  as  we  know,  has  not  yet  been  put  to  a  full  and 
general  test  of  its  powers  in  the  varied  field  of  difficult  pho- 
tographic work. 


THE  PROGRESS  OF  ASTRONOMY  IN  1889. 


At  the  beginning  of  this,  the  last  decade  of  the  century,  we 
propose,  according  to  our  annual  custom,  to  furnish  a  short 
pr^s  or  chronicle  of  the  astronomical  occurrences  of  the 
^-^ear  just  departed;  and  to  put  on  record  such  observations, 
^discoveries,  investigations,  and  events  as  concern  the  his- 
"^ory  and  progress  of  astronomy  generally. 

The  year  1889  opened  with  a  phenomenon  of  high  astro- 
:xiomical  interest,  the  total  eclipse  of  the  sun  on  January  1st, 
"^vhich  was  most  excellently  ol^served  in  California.    Partic- 
^^larly  successful  were  a  large  proportion  of  the  very  numer- 
^3us  photographs  of  the  corona  obtained  by  the  various 
parties  of  observers,  and  among  them  those  secured  bj^  the 
party  from  Harvard  College  Observatory,  under  the  direc- 
tion of  Professor  Pickering;  the  ones  taken  by  Mr.  Barnard, 
of  the  Lick  Observatory' ;  the  negatives  obtained    by    the 
party  from  Washington  University  (St.  Louis) ;  and  last, 
though  by  no  means  least,  those  of  the  Amateur  Photo- 
graphic Association  of  t?e  Pacific  Coast,  under  the  able  di- 
rection of  Mr.  Charles  Burckhalter.    The  result  has  been  en- 
tirely to  corroborate  the  theory  that,  during  the  period  of 
sun-spots,  the  corona  undergoes  a  series  of  characteristic 
and  typical  changes.    Incidentally   we  may  mention   that 
Mr.  Keeler,  of  the  Lick  Observatory,  also  demonstrated  the 
untenability  of  the  hypothesis  of  Professor  Hastings  that 
the  corona  is  a  phenomenon  of  diffraction. 

Careful  preparations  were  also  made  for  the  effective  ob- 
servation of  the  total  eclipse  of  the  sun,  which  occurred  dur- 
ing the  morning  of  I)ecenil)er  22.  Two  expeditions  were  or- 
ganized by  the  Royal  Astronomical  Society.  The  nieml)ersof 
the  first,  the  Rev.  S.  J.  Perry,  F.  R.  S..  and  his  assistant,  Mr. 
Rooney,  proceeded  to  the  Salut  Islands.  Mr.  Taylor  went 
alone,  on  the  second,  to  Loanda.  An  American  expedition, 
headed  bj'  Professor  D.  P.  Todd,  was  also  dispatched  to 
Angola  by  the  Navy  Department  at  Washington  ;  while  two 


102 


The  Sidereal  Messenger. 


of  the  Lick  observers  went  to  Cayenne.  Miss  E.  Brown  and 
Miss  Jefferies  ^Yere  to  view  the  eclipse  from  Trinidad,  irp  to 
the  moment  of  our  writing,  the  sole  news  which  has  reached 
this  country  from  any  of  those  whom  we  have  mentioned 
has  taken  the  shape  of  a  telegram  from  Mr.  Taylor,  unhap- 
pily announcing  his  own  total  failure  to  see  anything  of  the 
phenomenon  which  he  had  travelled  so  many  thousands  of 
miles  to  witness.  ^Ye  can  only  express  our  earnest  hope 
that  other  observers  may  have  been  more  successful. 

The  occultation  of  Jupiter  by  the  moon  in  the  evening  of 
August  7  was  snccessfully  observed  at  numerous  stations. 
Curious  effects  of  shading  on  the  planet's  limb,  and  adjacent 
to  that  of  the  moon  when  she  crossed  Jupiter's  disc,  were 
seen  by  a  Ifirge  number  of  those  who  witnessed  the  occulta- 
tion. 

The  conjunction  of  Mars,  Saturn,  and  Regulus  during  the 
early  m()rning  of  September  20  was  looked  fonvard  to  with 
considerable  interest,  as  calculated  to  shed  light  upon  the 
nature  of  certain  pre-telescopic  observations  of  planetary 
conjunctions;  but,  unfortunately,  our  wretched  English 
climate  rendered  its  observation  practically  impossible  over 
nearly  the  entire  kingdom. 

On  March  6,  that  well-known  observer.  Dr.  Terby,  of  Lou- 
vain,  noticed  a  white  spot  on  Saturn's  rings  contiguous  to 
the  shadow  of  the  ball.  This  was  also  seen  by  Mr,  W.  R. 
Brooks  at  Geneva  (New  York), subsequently.  Malgrc,  how- 
ever,  the  concurrent  testimony  of  two  such  competent  as- 
tronomers, there  can  be  little  or  no  doubt  that  the  appear- 
ance was  a  wholly  subjective  one,  inasmuch  as  it  was  invisi- 
ble in  such  enormous  and  powerful  instruments  as  the 
mighty  Lick  refractor  and  Mr.  Common's  famous  five-foot 
reflector. 

We  referred  last  year  (Vol.  XLVIIL  p.  368)  to  the  re- 
searches of  Mr.  Crew  on  the  solar  rotation  period.  To  meet 
certain  objections  to  the  method  he  employed,  he  ha*  re- 
peated his  observations,  after  taking  special  precautions 
against  the  heating  of  the  jaws  of  the  sht  of  his  spectro- 
scope. His  final  results  are  sufiiciently  startling,  giving  as 
thej'  do  a  period  of  126.23  days  as  that  occupied  by  the  sun 
in  turning  on  his  axis,  against  the  24.79  days  of  Carrington 
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and  Spoerer.    But  the  question  can  in  no  sense  be  regarded 
as  settled. 

It  has  been  erroneously  supposed  that  the  question  of  the 
possibility  of  photographing  the  corona  of  the  uneclipsed 
sun  was  disposed  of  by  Dr.  Huggins's  failure  to  obtain  good 
xiegatives  in  1886;  but  there  can  be  no  doubt  that  the 
absence  of  an  absolutely  clear  sky  in  England  (save  on  the 
^ery  rarest  possible  occasions)  may  be  held  to  explain  this. 
On  April  12th,  1888,  however,  he  did  succeed  in  obtaining  a 
photograph  which  if  it  does  not  really  exhibit  the  corona,  is 
^marvelous  example  of  an  optical  illusion.  His  method  is 
-to  be  tried  in  the  diaphanous  atmosphere  of  Athens  by  Egin- 
itis,  the  astronomer  in  charge  of  the  Observatory  there;  and 
experiments  were  probably  made  also  by  one  or  more  of  the 
observers  in  the  eclipse  of  December  22. 

A  question  which  has  excited  some  discussion  has  been 
finally  set  at  rest  by  the  joint  investigations  of  Dr.  Huggins 
and  his  gifted  wife.  It  must  be  familiar  to  many  who  will 
read  these  lines  that  Mr.  Lockyer  insisted  that  the  chief  line 
in  the  spectrum  of  the  great  nebula  in  Orion  was  simply  the 
edge  of  a  fluting  of  that  of  magnesium  at  a  comparatively 
low  temperature.  Dr.  and  Mrs.  Huggins  have  now  shown 
conclusively  that  this  is  an  entire  mistake,  and  that  this  line 
belongs  to  some,  so  far,  unknown  body.  The  researches  of 
Dr.  Huggins  on  the  principal  line  of  the  auroral  spectrum 
have  also  had  the  effect  of  correcting  another  mistake  of 
Mr.  Lockyer's;  that  gentleman  having  referred  it  to  the 
brightest  fluting  of  manganese  at  wave-length  5580 ;  while 
Dr.  Huggins,  with  the  most  perfect  apparatus  employed 
with  that  skill  which  has  earned  him  such  imperishable  re- 
nown, has  finally  determined  its  wave-length  to  be  5571.5. 
Lastly,  it  was  suggested  by  Mr.  Lockyer  that  the  dark 
bands  seen  in  the  spectrum  of  Uranus  by  Huggins,  Secchi, 
Vogel,  etc.,  were  merely  spaces  between  the  flu  tings  of  a  ra- 
diation spectrum.  Mr.  Keeler,  of  the  Lick  Observatory,  em- 
ploying the  giant  36-inch  telescope,  finds  that  the  bands  are 
actual  absorption  ones,  and  could  see  that  the  spectra  of  the 
satellites  Oberon  and  Titania  were  continuous ! 

The  remarkable  researches  of  Professor  Pritchard  in  Stel- 
lar Parallax,  by  means  of  photography,  have  been  continued 
during  1889,  and  the  results  so  far  obtained  were  published 
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some  two  montKs  since,  in  Vol.  III.  of  the  "Astronomical 
Observations  made  at  the  University  Observatory,  Oxford." 
They  shed  a  new  light  upon  the  physical  structare  of  the 
visible  universe. 

Commencing  in  ISSi,  and  working  on  every  available  oc- 
casion  since,  Dr.  Boeddicker,  Lord  Rnsse's  assistant  astron- 
omer, hasproduced  a  series  of  drawings  of  the  whole  of  the 
Milky  Way  visible  in  these  latitudes,  which  is  as  unsur- 
passed as  it  is  probably  unsurpassable  iu  the  elaborate 
character  of  its  minute  detail.  It  is  verily  a  marvel  of  the 
most  minute  and  patient  accuracy,  and  cannot  fail  materi- 
ally to  advance  our  knowledge  of  the  fabric  of  our  stellar 
system.  Dr.  Boeddicker's  astonishing  drawings  arc  de- 
posited in  the  library  of  the  Royal  Astronomical  Society, 
until  some  effectual  means  can  be  devised  for  their  repro- 
duction. 

Seven  Comets  have  been  discovered  during  the  year  which 
has  just  closed.  The  first  (a)  was  found  by  Brooks  at  Gen- 
eva, N.  Y.,  on  January  15th;  the  next  (b)  by  Barnard,  at 
Lick,  on  March  31st;  the  third  (c)  also  by  Barnard,  nn  June 
33rd:  the  fourth  (c/)  by  Brooks,  on  July  6th;  the  fifth  (e)  by 
Davidson,  at  Melbourne,  on  July  21st;  the  sixth  (0  by 
Lewis  Swift,  on  November  17th;  and  the  seventh  {g)  by 
Borrelly,  at  Marseilles,  on  December  12th.  None  of  these 
objects  attained  to  any  conspicuous  brilliancy,  the  only  cir- 
cumstance worthy  of  note  in  connection  with  them  being 
that  Brook's  Comet  (d)  divided  into  two  parts. 

By  a  coincidence,  seven  is  also  the  number  of  Minor  Plan- 
ets picked  up  in  1889.  To  Palisa  belongs  the  credit  of  6nd- 
ing  the  first  (282)  on  January  4th;  Chairlois  discovered  283 
on  January  28th;  284  on  May  29th;  and  286  on  August 
3rd;  Palisa  picking  up  285  on  the  same  day.  Peters  foand 
287  on  August  25th,  since  which  there  has  been  a  lull  in 
these  absolutely  useless  discoveries. 

In  connection  with  the  Bibliography  of  Astronomy,  we 
must  place  that  admirable  work,  Young's  "General  Astro- 
nomy. "  at  the  head  of  our  list,  as  the  most  worthy  succes- 
sor to  Sir  John  Herschel's  "  Outlines  "  that  has  yet  appeared. 
Students  of  planetar>-  detail  will  find  much  of  a  most  in- 
structive nature  in  Bocddicker's"Observaiions  of  the  Planet 
Jupiter, "  Green's  "Belts  and  Markings  of  Jupiter,  ami  very 
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notably  in  that  remarkable  and  exhaustive  book  ''Zeno- 
graphical  Fragments/'  by  Mr.  Stanley  Williams.  Two 
works,  each  of  high  interest  in  very  diflferent  ways  may  be 
commended  to  those  interested  in  physical  astronomy,  they 
are  "Elementary  Theory  of  the  Tides,"  by  Abbott,  and 
•*Time  and  Tide/'  by  the  Irish  Astronomer  Royal,  Sir  R.  S. 
Ball.  The  first  treats  the  theory  of  the  tides  mathematical- 
ly, but  in  a  simple,  apprehensible,  and  what  is  of  grave  im- 
portance, absolutely  correct  form.  The  second,  a  popular 
exposition  of  Prof.  G.  H.  Darwin's  researches,  is  as  interest- 
ing as  a  good  novel.  The  first  volume  of  the  new  edition  of 
Chambers's  "Handbook  of  Astronomy,"  has  recently  ap- 
peared. As  has  been  observed  by  one  of  our  own  corres- 
pondents this  has  now  become  a  veritable  enc^'clopedia  of 
the  science,  and  almost  indispensable  as  a  book  of  popular 
reference.  Nor  must  we  omit  Mr.  Cottam's  splendid  "  Charts 
of  the  Constellations,"  than  which  nothing  finer  of  the  kind 
has  ever  appeared. 

Death  has  happily  claimed  but  few  distinguished  Astrono- 
mers as  his  own  during  the  late  year.  The  first  to  pass 
away  was  Dr.  Warren  de  la  Rue,  who  will  long  be  remem- 
bered as  the  pioneer  in  English  astronomical  photography ; 
as  a  skilled  practical  observer;  and  as  a  man  who,  both  in 
purse  and  in  person,  was  unsparing  in  the  promotion  of  as- 
tronomy. He  furnished  a  bright  example  of  a  class  (erron- 
eously supposed  to  exist  only  on  the  other  side  of  the  Atlan- 
tic) who  munificently  devote  no  inconsiderable  portion  of 
their  fortunes  to  the  advancement  of  science.  Mr.  R.  S. 
Xewall,  who  died  within  a  very  short  time  of  Dr.  de  la  Rue, 
was  less  known  as  an  astronomer  than  as  the  possessor  of  a 
very  big  telescope.  This  has,  it  is  understood,  been  pre- 
sented to  the  University  of  Cambridge,  who  are  to  house 
and  employ  it.  We  last  \'ear  announced  the  retirement  of 
Miss  Maria  Mitchell  from  the  Professorship  of  Astronomy 
at  Vassar  College,  New  York.  She  died  in  July,  1889.  Pro- 
fessor Cacciatore  also  died  at  Palermo  in  the  same  month. 
Earlier  in  the  year  Wilhelm  Tempel,  of  Florence,  after  a  pro- 
tracted illness,  was  taken.  One  of  the  most  familiar  names 
among  those  who  have  joined  the  majority  is  that  of  Pro- 
fessor Elias  Loomis,  whose  **  Practical  Astronomv  "  is  to  be 
found  probably  in  every  Observatory  in  which  the  English 
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]B.ngua.ge  is  legible.    His  somewhat  less  familiar  "Treatise 
on  Astronomy "'  forms  a  model  work  of  reference. 

Among  miscellaneous  astronomical  facts  and  occurrences 
may  be  mentioned  the  appointment  of  Dr.  Ralph  Copeland 
as  Scottish  .\stronomer  Royal,  and  the  projected  erection  of 
a  new  and  efficient  Observatory  in  the  outskirts  of  Edin- 
burgh. The  founding  and  rapid  rise  of  the  Astronomical 
Society  of  the  Pacific  tends  to  remind  us  of  the  allied  success 
of  the  Liverpool  Astronomical  Society  in  this  country.  The 
Californian  institution,  however,  possesses  the  enormous  ad- 
vantage of  its  intimate  connection  with  the  Lick  Observa- 
tory on  Mt.  Hamilton,  the  results  of  the  work  at  which  it 
has  the  privilege  of  making  public  through  its  Transactions. 
We  may  also  notice  the  removal  bodily  of  the  Observatory- 
and  instruments  of  our  great  astronomical  photographer. 
Mr.  Isaac  Roberts,  from  the  dingy,  cloud-laden  atmosphere 
of  Liverpool  to  the  clearer  sky  and  considerable  altitude  of 
Crowborough  Beacon  in  Sussex.  All  familiar  with  the  mar- 
vellous results  obtained  by  Mr.  Roberts  under  every  possible 
meteorological  disadvantage,  will  look  forward  with  eager 
hope  to  his  future  triumphs  under  more  favorable  con- 
ditions. An  elaborate  remeasurement  of  the  French  Are  of 
the  Meridian,  completed  as  far  as  actual  instrumental  ob- 
servations were  concerned  in  1888.  has  been  to  a  great  ex- 
tent reduced  during  the  past  year.  It  differs  by  less  than 
ioo'fmoth  from  the  results  of  the  English,  Belgian,  Italian  and 
Spanish  triangulations— a  striking  illustration  of  the  precis- 
ion of  modern  methods  of  observation.  Incidentally  a  re- 
determination of  the  difference  of  longitude  between  Dun- 
kerque  and  Greenwich  has  been  effected  but  the  final  result 
has  not  as  yet'been  made  public. — English  Mechaaic,Jaa.  S, 
1890. 


ASTRONOMICAL  SOCIETY  OF  THE  PACIFIC. 


KHALTUR,   SEORETARV. 


tie  Pacific       \ 


The  meeting  of  the  .\strononiical  Society  of  the 
Jan.   25.  1890.  was  held  at  its  rooms  in  San  Francisco. 
President  Uolden  was  unable  to  be  present  on  accoaot  of  J 
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the  storm  and  ill  health.  Mr.  Keeler  came  from  the  Observ- 
atory on  Mt.  Hamilton  purposely  to  attend  the  meeting, 
walking  seven  miles  of  the  distance  through  the  snow  which 
was  five  feet  deep  in  places.  In  the  absence  of  President 
Holden,  Vice  President  Pierson  presided.  The  meeting  was 
largely  attended. 

The  secretary  read  a  list  of  seventy-five  presents  of  books, 
etc.,  calling  attention  to  two  large  drawings  of  Jupiter 
twenty-eight  inches  in  diameter.  The  thanks  of  the  Society 
were  voted  to  the  donors. 

The  chair  announced  the  success  of  the  eclipse  party  of  the 
Lick  Observatory  which  was  sent  to  South  America  at  the 
expense  of  Col.  C.  F.  Crocker.  It  was  also  announced  that 
the  Board  of  Directors  had,  with  the  approval  of  Alexander 
Montgomery,  determined  to  expend  $1,000  of  the  Alexander 
Montgomery  Fund  to  found  a  library,  to  be  known  as  the 
Alexander  Montgomery  Library  of  the  Astronomical  So- 
ciety of  the  Pacific,  apd  that  the  remainder  of  the  fund 
($1,500)  should  be  invested  and  the  income  onlv  to  be  used 
in  preserving  and  enlarging  the  same. 

Twelve  new  members  were  elected,  as  follows : 

W.  Steadman  Aldis,  Auckland,  New  2^aland;  Jose  A.  y 
Bonitla,  Zacatecas,  Mexico;  A.  R.  Church  and  Hugh  Howell, 
Oakland,  Cal.;  Mateo  Clark,  London.  England;  Levi  K. 
Fuller,  Brattleboro,  Vt.;  Frederick  G.  Wattles,  Denver,  Col.; 
Professor  M.  W.  Harrington,  Director  Ann  Arbor  Observ- 
atorj",  Ann  Arbor,  Mich.;  Professor  Ira  More,  Los  Angeles, 
Cal.;  T.  S.  Palmer,  Washington,  D.  C;  James  L.  Scott, 
Shanghai,  China;  P.  V.  Veeder,  D.  D.,  San  Mateo,  Cal.; 
Adolph  Sutro,  San  Francisco,  Cal.  Messrs.  Clark  and  Sutro 
were  made  life  members. 

Mr.  James  E.  Keeler  then  read  a  paper  **0n  the  Physical 
Observations  of  Jupiter  in  1889,'' in  which  Mr.  Keeler  exhib- 
ited a  series  of  twenty-four  drawings  of  Jupiter,  made 
during  the  opposition  of  1889,  with  the  thirty-six-inch 
equatorial  of  the  Lick  Observatory.  The  drawings  were 
made  on  a  large  scale,  the  elliptical  outline  of  the  planet  be- 
ing 3.50  X  3.30  inches,  and  were  intended  to  show  all  the 
details  that  could  be  perceived  with  the  telescope  and  trans- 
ferred to  paper  in  the  limited  time  allowed  by  the  rotation 
of  the  planet  (about  fifteen  or  twenty  minutes).    All  dimen- 
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sions  were  mere  eje-€sti mates,  hut  they  had  been  checked  by 
micrometer  measurements,  and  found  to  be  fairly  aecnrate. 
Reference  was  made  to  the  extremely  satisfactory  views  ob- 
tained with  ihe  great  telescope  and  a  resume  given  of  the 
different  kinds  of  astronomical  work  in  which  the  instn^  " 
ment  had  proved  to  be  efficient. 

The  equatorial  zone  of  Jupiter  was  brilUant  white  i 
edges,  with  a  salmon-pink  central  stripe,  which  the  n 
nients  showed  to  be  a  trifle  south  of  the  equator.  From  t 
edges  of  the  zone  long  streamers  projected  at  certain  places 
into  the  red  belts,  with  which  they  eventually  became  paral- 
lel, and  gradually  becoming  more  diffuse,  were  lost  in  the 
general  red  color  of  the  background.  These  streamers  which 
are  doubtless  the  cause  of  the  double  and  triple  red  belts. 
often  described,  were,  according  to  the  observations,  masses 
of  clouds  projected  outward  from  the  equatorial  zone,  and 
gradually  left  behind  by  the  forward  drift  of  that  region. 
Two  were  frequently  seen  abreast,  but  never  three.  The 
roots  of  the  streamers  were  never  brighter  than  the  average 
surface  of  the  equatorial  zone,  and  were  usually  tinged  with 
a  curious  olive-green  color,  which  seemed  to  be  characteristic 
of  great  disturbance.  At  certain  parts  of  the  equatorial 
zone,  the  streamers  were  sometimes  considerably  distorted, 
but  when  long  they  invariably  pointed  toward  the  following 
limb  of  the  planet.  Observations  of  bright  knots  on  the 
streamers  showed  that  there  was  a  flow  of  matter  along 
them  from  the  root  outward. 

The  red  spot  was  frequently  well  seen.  It  was  shorter 
than  in  1881,  The  color  was  a  pale  pink,  lighter  in  the  mid- 
dle of  the  spot.  At  the  following  end  the  outline  was 
marked  by  a  faint  dark  shading. 

On  a  broad,  uniformly  tinted,  gray  belt  on  the  southern 
hemisphere,  following  the  red  spot,  were  many  oval  and 
round  brilliant  white  spots,  forming  one  of  the  most  lieaati- 
ful  features  of  the  surface  of  Jupiter.  A  curious  symmeti 
was  often  observed  in  the  grouping  of  these  spots,  i 
are  shown  in  nearly  all  the  drawings. 

On  the  northern  hemisphere  the  details  were  much  sim 
and  the  belts  were  of  the  usual  form.     Bright  white  spoi 
like  those  described  above  were  never  seen.    As  in  former 
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years  the  greatest  activity  seems  to  be  manifested  south  of 
the  equator. 

This  was  followed  by  a  paper  entitled  **  A  New  and  Simple 
Form  of  Electric  Control  for  Equatorial  Driving  Clocks," 
also  by  Mr.  Keeler.  This  ingenious  contrivance  is  attached 
to  the  driving  clock  of  the  great  refractor  of  the  Lick  Ob- 
servatory, and  is  giving  great  satisfaction. 

A  committee  was  appointed  to  nominate  a  ticket  to  be 
voted  for  at  the  annual  meeting  (March  29th). 
The  meeting  then  adjourned  to  March  29th. 


I"HE  RELATIVE  ACTIVITY  IN  THE  TWO  SOLAR  HEMISPHERES. 


EDWIN  B.  FROST.* 
'or  The  MBtsBNGBB. 


Professor  Spoerer  called  attention  in  Astronomische  Nach- 
>^chten,  No.  2887,  to  the  difference  in  the  activity  in  produc- 
ing spots  of  the  two  solar  hemispheres  between  1883  and 
^888,  and  Professor  Ricc6  of  Palermo  followed,  in  No.  2919, 
>ivith  a  similar  discussion  of  the  prominences.    It  appears 
'that  spots  have  been  much  more  numerous  in  the  southern 
hemisphere^  the  ratio  being  20  :  11  for  the  whole  period, 
'While  the  separate  ratios  for  1887  and  1888  were  much 
larger  being  2.3  :  1  and  3.4  :  1  respectively. 

From  observations  on  203  days  in  1889,  using  the  9.4- 
inch  equatorial  and  a  projected  image  of  8  inches  diameter 
I  obtain  the  following  results : 

Xorthem  Hemisphere,  6  groups,  24-  spots,  mean  latitude  of  spots  -f-   9°-^ 
Southern  **  18       **       98       -  *•  — 14.°.5 

Total  24        •*      122      '* 

The  preponderance  of  spots  in  the  Southern  Hemisphere 
has  thus  continued  during  the  past  3'ear,  and  with  a  slight 
increase,  the  ratio  for  spots  being  4.1 : 1  and  for  groups  3:1. 

The  period  of  this  swing  in  activity  from  one  hemisphere 
to  the  other,  if  it  can  be  said  to  be  truly  periodic,  does  not 
seem  to  be  determinate  from  the  data  at  present  available. 
The  mean  latitude  of  spots,  which  since   1879  has  been 

*  Director  of  Sbattuck  Observatory.  Dartmouth  College,  Hanover,  N.  II. 
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steadily  decreasing,  has  increased  during  1889, — an  indica- 
tion that  the  minimum  is  very  nearh-,  if  not  quite  passed. 
Dr.  Spoerer  gives  for  the  mean  latitudes  in  1888  +  5  .9  and 
I— 6°. 9,  and  the  Greenwich  obsen-ations  +  7°.l  and—  "".o. 
The  values  which  I  give  above,  +  9°.G  and  —  14-°. 5,  are  the 
means  of  the  latitudes  nf  the  chief  spot  of  each  group,  which 
may  be  assumed  to  represent  on  the  whole  the  mean  lati- 
tudes of  all  the  spots. 

The  conclusion  of  a  period  of  minimum  activity  is  also 
generally  signalized  by  the  appearance  of  spots  in  high  lati- 
tudes. On  June  30th  and  July  1st,  I  observed  a  small  spot 
in  the  remarkable  latitude  south  42°;  this  spot  was  else- 
where observed  in  Europe,  but  was  overlooked  on  the 
Greenwich  photographs  until  Father  Perry  called  attention 
to  it.  On  October  22  I  saw  a  faint  dot,  which  possibly 
ought  to  be  classed  as  a  veiled,  rather  than  a  true,  spot  in 
north  latitude  about  51". 

From  observations  of  the  whole  circumference  of  the  sun 
on  83  days  in  1889.  I  find  a  preponderance  of  prominences 
(none  under  20"  in  hight  being  included)  in  the  Southern 
hemisphere,  similar  to  that  in  the  case  of  spots. 

The  distribution  iti  latitude  is  as  follows: 


Totnls  57 

A  distinct   maximum   is  shown  between   30°   and  ] 
south;  the  mean  latitude  of  northern  and  southern  ] 
inences  falls  between   30"   and  40\  that  for  the  norl 
being  slightly  the  greater. 

The  ratio  of  southern  prominences  to  northern  is  1.68." 
is  proper  to  say  that  the  position  angles,  from  which  tj»« 
latitudes  arc  deduced,  have  not  been  directly  measured  hut 
have  been  estimated  with  the  aid  of  the  position  cincle  of  the 
telescope. 

Professor  Ricco's  tables  show  that  prominences  have  been 
most  abundant  in  the  southern  hemisphere  since  1 884,  with 
the  single  exception  of '86;  the  ratio  of  southern  to  northern 
prominences  he  found  to  be  for  1888,  3  :  1. 
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The  small  value,  1.84,  of  the  mean  number  of  prominences 
per  observation  indicates  that  the  chromospheric  activity  is 
also  near  a  minimum. 

Further  evidence  of  this  is  given  by  the  quiescent  character 
of  the  prominences,  which  have  been  found  almost  invari- 
ably of  the  diffuse  hydrogen  tj-pe.  The  largest  one  seen  was 
visible  on  four  days,  Nov.  15-18,  in  S.  lat.  49°,  and  remained 
at  an  altitude  of  about  100.''^ 

Dartmouth  College,  Hanover,  N.  H.,  Feb.  5, 1890. 


TRANSIT  OBSERVATIONS  BY   PHOTOQRAPHY. 


WILLARD  P.   GBRRISH. 
For  Thb  Mbmbxobs. 

A  paper  read  by  Mr.  W.  E.  Wilson  before  the  Royal  Astro- 
nomical Society  at  its  meeting,  December  13, 1889,  calls  at- 
tention to  a  device  for  taking  transit  observations  by  pho- 
tography. It  may  be  of  interest  to  note  that  experiments 
were  made  at  Harvard  College  Observatory  as  early  as  Jan- 
uary, 1886,  on  the  plan  proposed  by  Mr.  Wilson.  Photo- 
f^raphs  were  made  of  the  Pleiades  with  the  eight-inch  Bache 
telescope  with  view  of  determining  the  degree  of  accuracy 
with  which  time  could  be  determined.  The  star  images  were 
allowed  to  trail  over  the  plate,  the  telescope  remaining  at 
rest.  Exposures  of  different  lengths  were  given  and  the 
images  were  afterward  measured.  The  discussion  showed 
that  a  single  setting  on  an  image  made  by  an  exposure  of 
one  second  could  be  made  with  a  probable  error  of  only 
COS.  An  account  of  this  work  can  be  found  in  Memoirs  of 
American  Academy,  Vol.  XI,  p.  218. 

The  subject  was  again  taken  up  in  the  summer  of  1888 
and  experiments  were  continued  by  Professor  F.  H.  Bigelow 
and  the  writer.  A  photographic  plate  was  attached  to  a 
common  telegraph  sounder  and  placed  at  the  focus  of  a  six- 
inch  telescope.  The  plate  was  moved  with  an  alternating 
motion  at  intervals  of  one  second  in  a  plane  perpendicular 
to  the  axis  of  the  telescope.  The  direction  of  this  motion 
was  parallel  to  the  meridian.  The  star  image  was  allowed 
to  trail  across  the  plate  by  the  diurnal  motion.  Two  rows 
of  dots  were  thus  formed,  each  dot  representing  one  second 
of  time. 
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After  these  preliminary  experiments  Professor  Bigelow  con- 
structed an  experimental  apparatus  more  especially  adapted 
to  the  work.  This  was  used  with  the  same  telescope  and 
gave  very  good  results.  It  was  fitted  with  a  small  plate 
holder  which  was  connected  with  the  armature  of  a  magnet 
by  which  the  motion  was  imparted.  A  reticule  of  raw  sJIk 
fibres  was  placed  at  the  focus  of  the  telescope.and  an  impres- 
sion of  this  reticule  was  made  on  each  plate  by  throwing  the 
light  of  a  lantern  into  the  objective  for  an  instant,  slightly 
fogging  the  plate.  The  wires  appeared  as  distinct  light  lines 
on  a  slightly  darkened  background,  though  not  sufficiently 
dark  to  obscure  the  star  images.  An  attempt  was  made  to 
operate  the  instrument  directly  from  the  sidereal  clock  of  the 
Observatory,  The  clock  has  an  ordinary  break-circuit  at- 
tachment, and  the  signal  was  found  to  be  of  so  short  dura- 
tion that  it  made  no  appreciable  break  in  the  star  trail. 

In  the  autumn  of  the  same  year  a  complete  set  of  appara- 
tus of  fine  workmanship  was  constructed  from  the  plans  of 
the  writer.  It  consists  of  two  separate  and  independent  in- 
struments, one  being  designed  to  transform  the  signals  of 
an  ordinarj'  clock  into  alternating  signals,  and  the  other  be- 
ing a  small  tail-piece  carrying  the  magnet  and  mechanism 
to  be  attached  to  the  transit  instrument. 

The  alternating  machine  is  not  unlike  an  ordinary  tele- 
graph relay  in  appearance.  A  large  magnet  in  the  circuit  of 
the  standard  clock  actuates  an  armature  lever  which  has  at' 
its  upper  end  a  pawl  engaging  the  teeth  of  a  ratchet  wheel. 
The  wheel  moves  one  tooth  at  a  time  with  each  movement 
of  the  armature  and  turns  a  contact  wheel.  Upon  this  rests 
a  spring  completing  a  local  circuit  operating  the  mecbanisni 
on  the  telescope.  Alternate  sections  of  the  contact  wheel 
are  cut  away,  so  that  the  local  circuit  is  alternately  opened 
and  closed  with  each  signal  on  the  clock  circuit.  A  second 
contact  wheel  on  the  same  arbor  with  the  first  is  cut  away, 
to  give  signals  of  two  seconds  duration,  for  use  on  northern 
stars  where  the  one  second  inten-al  would  make  the  images 
too  near  together.  A  switch  serves  to  send  the  local  current 
through  either  of  these  at  the  will  of  the  observer. 

The  tail-piece  consists  of  a  brass  box  4  inches  long,  3H 
inches  wide,  and  1%  inches  deep,  weighing  with  its  content^' 
and  attachments  17Mi  ounces.    It  has  on  its  side  an  opening 
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w^^ich  fits  the  adapter  of  the  telescope.  In  this  box  is  a 
small  electro-magnet,  to  the  armature  of  which  is  attached  a 
small,  square  photographic  plate  measuring  l\i  inches  on  a 
side.  The  plate  is  held  in  position  by  a  spring  clamp  which 
prevents  any  accidental  slipping.  The  plate  has  a  motion 
of  about  0.01  inch,  the  amount  being  regulated  by  two  ad- 
justable stops  between  which  the  armature  vibrates.  The 
frame,  or  clamp,  carrying  the  plate  is  hung  on  a  system  of 
parallel  levers  similar  to  a  parallel  ruler,  and  so  arranged 
that  it  can  move  only  in  a  direction  parallel  to  the  meridian. 
All  of  the  bearings  are  hardened  steel  points,  fitted  with 
springs  to  take  up  all  lost  motion  and  to  prevent  the  plate 
from  changing  its  position  after  having  been  once  adjusted. 
An  important  feature  of  this  portion  of  the  apparatus  is 
that  the  plate  is  clamped  directly  to  the  armature  lever  of 
the  magnet,  without  the  interposition  of  a  plate  holder. 
This  greatly  reduces  the  chance  of  error  from  the  slipping  of 
the  plate.  As  the  reticule  is  rigidly  and  permanently  at- 
tached to  the  telescope,  it  is  only  necessary  that  the  plate 
should  remain  accurately  in  place  during  the  observation 
until  the  impression  of  the  reticule  is  finally  made  upon  it. 
The  brass  box  serves  as  a  plate  holder,  being  so  small  and 
light  that  it  can  readily  be  detached  and  carried  to  the 
dark  room  to  be  recharged  with  a  fresh  plate.  A  small  slide 
which  covers  the  opening  in  the  box  serves  to  exclude  the 
light  when  it  is  detached  from  the  telescope. 

A  small  three  inch  transit  instrument  was  chosen  for  the 
work  and  the  apparatus  was  fitted  to  it.  Observations 
were  made  on  several  of  the  brighter  stars,  but  owing  to 
the  small  aperture  of  the  telescope,  stars  fainter  than  the 
third  magnitude  could  not  be  taken.  An  instrument  for  use 
with  the  device  should  have  a  very  large  angular  aperture. 
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LETTER    FROM    PROF.  H.   S.    PRITCHKTT. 


Editor  of  the  Sidereal  Messenger  : 

In  your  February  number  appears  a  communication  from 
Capt.  Phythian,  U.  S.  N.,  Superintendent  of  the  Naval  Ob- 


ser\'atorj',  in  which  two  personal  letters  olmine  are  printed, 
i  do  not  think  that  the  personal  part  of  Capt.  Phythian's 
letter  calls  for  a  reply  from  me.  further  than  to  say,  that  1 
had  nothing  to  do  with  fumislnng  the  information  which 
called  out  the  article  in  the  December  number  of  The  Side- 
real Mhssencer,  to  which  I  understand  Capt.  Phythian's 
letter  to  be  a  reply. 

Since  the  matter  is  under  discussion  it  may  not  be  oat  of 
place  to  call  attention  to  one  or  two  matters  which  I  think 
involve  the  real  cjuestion  at  issue,  and  which  Capt.  Phythian 
has  apparently  overlooked  in  his  letter. 

1-  The  tacit  agreement  originally  entered  into  between 
the  Naval  Observatory  and  the  Western  Union  Company 
did  not  contemplate  that  the  company  should  have  a  mo- 
nopoly of  the  government  time-signals,  nor  that  it  should  be- 
come a  trafficker  in  time-signals ;  still  less  that  it  should  use 
the  time-service  of  the  Naval  Observatory  to  destroy  the  ser- 
vice for  years  carried  on  by  private  Observatories. 

2,  The  furnishing  of  time-signals  to  the  Western  Union 
Company  for  its  own  use  is  one  thing;  the  furnishing  of 
these  signals  to  that  company  to  serve  as  a  basis  of  a  com- 
mercial service  is  quite  a  different  matter.  The  Western 
Union  Company  recognizes  this  distinction  the  moment  the 
signals  come  into  its  hands.  When  it  furnishes  the  Naval 
Observatory  time-signals  to  a  customer  he  signs  a  contract 
in  which  it  is  "expressly  stipulated"  that  he  shall  not 
"cause  or  suffer  the  signals  to  be  transmitted  to  any  point 
other  than  said  office,"  meaning  thereby  the  office  of  the  sub- 
scriber. This  prudent  restriction  is  necessary  on  the  part  of 
the  company  in  order  to  keep  the  traffic  in  the  Observatory 
signals  in  its  own  hands. 

Now,  while  the  Naval  Observatory  may  with  perfect  pro- 
priety furnish  time-signals  to  the  Western  Union  Company 
for  its  own  use  (and  to  this  no  one,  I  think,  has  offered  ob- 
jection), it  is  certainly  questionable  whether  it  is  the  proper 
work  of  that  institution  to  become  the  basis  of  a  commercial 
service  through  that  company. 

So  far  as  this  Observatory  is  concerned  the  preservation  of 
the  time-service  is  a  matter  of  great  importance.  Time-sig- 
nals have  been  sent  from  here  for  some  years  to  a  large  num- 
ber of  roads,  some  of  which  have  paid  moderate  amounts 
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for  the  signals,  a  large  number  paying  nothing.  From  the 
revenue  of  the  service  the  Observatory  as  it  now  stands  has 
been  chiefly  built  and  furnished  with  instruments,  and  from 
the  same  source  its  current  expenses  including  the  pay  of  an 
assistant,  are  almost  entirely  met.  For  some  years  an  earn- 
est effort  has  been  made  in  this  city  to  build  and  endow  a 
large  Observatory.  In  a  business  cit^"  like  St.  Louis  the 
maintainance  of  some  public  service  like  a  time-service, 
is  almost  indispensable  for  success  in  such  an  effort.  The 
time-service  as  maintained  here  has  been  in  the  largest  sense 
a  public  service,  and  carried  on  with  the  end  in  view  just 
mentioned.  Within  the  past  few  months  it  has  been  dis- 
placed in  some  quarters  by  the  Naval  Obsen'^atory  service  in 
the  hands  of  the  Western  Union  Company.  So  far  as  I  can 
see  the  whole  service  is  likely  to  share  the  same  fate,  for  even 
with  other  things  equal,  it  is  scarcely  possible  for  a  private 
Observatory  to  compete  in  prices  with  a  corporation  which 
reccrives  its  time  service  ready-made  and  free  of  expense. 

The  attitude  of  the  Western  Union  Company  towards  sci- 
entific institutions  has  always  been  understood  to  be  of  the 
most  friendly  character.    The  wires  of  the  company  have 
frequently  been  used  free  of  charge  by  the  Observatories  in 
longitude  exchanges  and  other  scientific  work.    From  the 
labors  of  Henry,  Morse  and  others,  the  company  has  re- 
ceived on  its  part  a  large  return.  Furthermore  the  telegraph 
company  has  had  the  use,  so  far  as  I  know,  of  the  time-sig- 
nals of  the  private  Observatories.    This  has  been  the  case  at 
least  with  the  signals  sent  from  this  Observatory-.    In  some 
cases  the  Western  Union  Company  has  transmitted  our  sig- 
nals to  subscribers,  and  collected  monev  in  which  this  Ob- 
servatory  has  never  sought  to  share.    In  fact  it  has  been 
assumed  that  it  was  to  the  interest  of  the  telegraph  com- 
pany to  befriend,  so  far  as  business  interests  allowed,  the  Ob- 
servatories.   When,  however,  a  superintendent  of  that  com- 
pany writes  to  the  manager  of  a  railroad  receiving  time- 
signals  from  our  Observatory  urging  him  to  discontinue  this 
service,  it  is  somewhat  difficult  for  the  directors  of  Washing- 
ton University  to  look  on  such  action  as  an  act  of  friendship 
to  scientific  institutions;  and  when  the  Superintendent  of 
the  Naval  Observatory  continues  to  furnish  the  telegraph 
company  the  means  for  displacing  our  service,  knowing  the 


the  use  for  which  they  are  intended,  it  is  only  with  consider- 
able effort  that  we  are  able  to  look  upon  this  action  as  "  an 
effort  to  use  this  Observatory"  (the  U.  S.  Naval  Observa- 
tory) "iu  forwarding  the  interests  of  other  Observatories." 

With  regard  to  the  whole  question  it  may  be  said  in  brief 
that  the  interests  of  the  private  Observatories  and  the  West- 
ern Union  Telegraph  Company  in  the  matter  of  the  publie 
service  ought  to  be  identical — the  telegraph  company  serving 
as  a  transmitter  of  time-signals^originating  at  the  Observa- 
tories. It  surely  ought  to  be  possible  to  come  to  an  under- 
standing under  which  the  rigiits  of  the  Observatories  as  lime 
centers  and  the  rights  of  the  telegraph  company  as  time 
transmitters  should  be  eriualh-  conserved.  It  cannot  be 
doubted  that  the  interests  of  the  public  lie,  not  in  the  dircc- 
tion  of  a  conflict  between  the  company  and  the  Observa- 
tories, but  in  their  cooperation.  It  will  be  a  matter  of  public 
loss  if  any  other  solution  of  the  matter  is  attempted.  In 
either  case  American  Astronomy  will  be  the  loser  if  this 
matter  is  allowed  to  disturb  that  entente  conJiah  which  has 
always  existed,  and  which  it  is  so  necessary  should  exist, 
between  the  Government  Observatory  on  the  one  hand  i 
the  private  Observatories  on  the  other. 

I  am  very  truly, 

'  H.  S.  Pritch 

St.  Louis.  February  18,  1890. 


NOTICES   FROM    LICK   OBSERVATORY. 


Return  ofLexelFs  Comet. 

The  news  of  a  remarkable  and  cjctremely  imporEi 
covery  in  cometary  astronomy,  made  by  Mr.  S.  C.  Chandler 
— so  well  known  as  a  mathematician  and  astronomer — has 
jost  been  received.  Mr.  Chandler  has  just  completed  a  pre- 
liminarj'  examination  into  certain  peculiarities  of  the  orbit 
of  the  comet  discovered  in  July  last  by  Mr.  Brooks,  and 
which  is  still  under  observation. 

This  comet  has  been  found  to  revolve  in  an  elliptical  orbit 
about  the  sun  in  seven  years.    It  has  attracted  particuUur- 
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attention  through  the  discovery,  at  the  Lick  Observatory, 
of  the  remarkable  companion  comets  that  attend  it  in  its 
joumey  through  space. 

Before  speaking  of  Mr.  Chandler's  discover^',  it  will  be 

necessary  for  us  to  go  back,  in  time,  over  one  hundred  ^'ears, 

to  the  date  of  the  discoverv  of  Lexell's  comet,  in  1770. 

Upon  the  computation  of  the  orbit  of  this  comet,  Lexell 

found  it  to  be  revolving  about  the  sun  in  a  period  of  five  and 

one-half  years.     This  was  considered  remarkable,  for  the 

comet  was  visible  to  the  naked  eye,  and,  therefore,  ought  to 

have  been  seen  at  some  of  its  former  returns.    But  it  had 

never  been  seen  before — nor,  indeed,  since. 

Lexell  found  that  the  aphelion  of  this  comet  was  very 
crlose  to  Jupiter,  and  that  it  had  made  a  very  close  approach 
^o  that  planet  in  1767.    He  also  found  that,  previous  to 
1767,  the  comet  had  moved  in  an  orbit  whose  perihelion  ^as 
near  Jupiter,  and  its  distance,  therefore,  so  great  that  it 
could  not  be  seen  from  the  earth.    At  this  near  approach  to 
Jupiter  in  f767,  the  planet's  attraction  on  the  comet  was 
three  times  as  great  as  the  sun,  and  the  comet,  therefore,  re- 
mained in  the  vicinit\'  of  Jupiter  raan\'  months,  its  orbit  l>e- 
coming  completeh'  changed,  so  that  when  it  finally  was 
freed  from  the  overpowering  influence  of  the  planet,  it  was 
thrown  into  a  much  smaller  orbit,  in  which  it  would  make  a 
revolution  in  five  and  one-half  years.    In  this  small  orbit  it 
approached  very  near  the  earth,  and  was  visible   to  the 
naked  eye.    At  its  nearest  approach  to  the  earth  in  1770  it 
was  less  than  one-half  million  miles  distant.    So  close  was 
the  approach,  indeed,  that  La  Place  computed  that  if  the 
comet  had  any  considerable  mass,  it  would  have  serioush- 
disturbed  the  motion  of  the  earth  in  its  orbit,  and  if  themass 
had  been  equal  to  that  of  the  earth,  it  would  have  short- 
ened the  length  of  our  year  by  something  like  three  hours. 
From  the  fact  that  no  sensible  disturbance  was  experienced 
from  the  proximity  of  the  comet.  La  Place  concluded  that 
its  mass  was  certainly  less  than  the  one-three-thousandth 
part  of  the  mass  of  the  earth,  or  less  than  one-fortieth  of 
the  mass  of  our  moon.    It  was,  doubtless,  vastly  smaller 
than  that. 

In  1779  the  comet  made  a  still  closer  approach  to  Jupiter, 
and  at  that  time  the  attraction  on  the  planet  was  over  two 
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hundred  times  as  great  as  that  of  the  sun,  and  the  orhit  was 
again  changed,  the  perihelion  becoming  so  great  that  the 
comet  could  not  be  seen  from  the  earth.  Burckhardt,  who 
verified  Lexell's  calculations,  found  that  before  the  comet 
came  under  the  influence  of  Jupiter  in  1779,  its  perihelion 
distance  was  probably  5.08.  while  that  of  the  small  orbil  of 
1770  was  0.67,  and  after  the  disturbance  through  its  prox- 
imity to  Jupiter,  in  1779,  its  perihelion  distance  probably 
became  3.33,  the  distance  of  the  earth  from  the  sun  being  as- 
sumed unity.  This  body,  because  of  its  never  having  been 
seen  since  1770,  has  l>een  called  the  lost  comet,  and  it  has 
stood  as  the  most  remarkable  example  that  we  have  of 
planetary  influence  in  disturbing  the  motions  of  comets. 

We  will  now  return  to  Mr.  Chandler's  investigations.  He 
found  that  Brooks'  comet  must  have  made  a  remarkably 
close  approach  to  Jupiter  in  1886,  and  that  the  attraction 
of  the  planet  then  threw  the  comet  into  its  present  orbit, 
whatever  may  have  been  its  path  previous  to  that  time. 
This  led  him  to  suspect  the  identity  of  this  comet  with  the 
famous  Lexell  comet  of  1770,  and  he,  therefore,  attacked  the 
problem  with  renewed  interest.  He  found  that,  previous  to 
the  encounter  with  Jupiter  in  1886,  the  Brooks'  comet  was 
moving  in  an  entirely  different  orbit  to  that  which  it  now 
moves  in,  The  periodic  time  in  this  former  orbit  was 
twenty-seven  years,  and  its  aphelion  lay  outside  of  Saturn' 
orbit,  and  the  perihelion  where  the  present  aphelion  is. 

Mr.  Chandler,  in  speaking  of  the  motion  of  the  comet  be- 
fore the  disturbance  of  1S86,  says:  "Several  months  before 
reaching  its  perihelion,  it  passed,  near  the  beginning  of  1S86. 
into  the  sphere  of  Jupiter's  attraction,  and  was  deflected 
into  a  hyperbolic  path  about  the  planet,  remaining  for  more 
than  eight  months  under  its  control — the  disturbing  action 
of  the  sun  during  most  of  the  interval  being  insignificant. 
The  eccentricity  of  the  hyperbola  was  but  sligthly  in  excess 
of  unity,  so  that  the  comet  narrowly  escaped  being  drawn 
into  a  closed  orbit  as  a  satellite  of  Jupiter.  A  slight  diminu- 
tion of  the  initial  velocity  relatively  to  Jupiter  would  have 
thrown  it  into  an  elliptic  orbit  about  the  planet." 

Mr.  Chandler  also  says  that,  at  the  close  approach  lo 
Jupiter  in  1 886.  the  comet  passed  a  little  outside  of  the  orbit 
of  the  third  satellite,  and  that  it  is  not  impossible  that  the 
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unequal  attraction  of  Jupiter  and  his  satellite  system  may 
have  caused  a  disruption  of  the  cometary  matter  such  as 
would  produce  the  companions  that  have  been  discovered 
attending  it,  and  that  these  small  bodies  may  owe  their  ex- 
istence to  the  opposing  attractions  of  Jupiter  and  his  satel- 
lites, in  1886. 

What  have  been  the  changes  that  this  comet  has  under- 
gone since  1770  through  the  repeated  disturbances  by 
Jupiter  it  is  not  possible  to  tell  at  present.  However,  the 
comet  is  now,  at  least,  free  from  the  disturbing  action  of 
that  planet;  but  this  will  not  continue  indefinitely,  as  it  will 
again  encounter  Jupiter  in  1921,  under  nearly  the  same  con- 
ditions as  in  1886,  and  its  orbit  will  again  suffer  a  complete 
change,  the  comet,  perhaps,  once  more  being  thrown  into  an 
orbit  whose  perihelion  distance  will  be  so  great  that  it  will 
again  be  lost  to  observers,  with  perhaps  as  long  a  period  of 
invisibility  as  it  has  suffered  since  1770,  to  reappear  again 
some  time  in  the  future,  through  the  attractions  of  Jupiter, 
if,  indeed,  it  can  maintain  its  integrity  as  a  single  body 
under  the  enormous  stresses  to  which  it  has  been,  and  mav 
again  be,  subjected.  However  this  may  be,  there  is  very 
little  doubt  that  Mr.  Chandler  has  been  the  first  to  point 
out  one  of  the  most  remarkable  of  all  cometarv  histories, 
and  that  his  discovery  is  of  the  first  importance. 

E.  E.  BARNARD. 

Mt.  Hamilton,  December  5,  1889. 


The  Lunar  Crater  and  Rill— Hy^'nus. 

I  have  asked  Mr.  Barnard  to  make  positive  enlargements 
on  glass  of  one  of  our  best  moon  negatives.  A  negative  of 
August  14,  1888  (made  by  Mr.  Burnham),  has  thus  been  en- 
larged two  times,  and  shows  the  Moon,  therefore,  exactly 
as  it  would  appear  in  the  principal  focus  of  a  telescope  1140 
inches,  or  95  feet,  long.*  I  find  that  I  can  use  on  this  posi- 
tive an  eye-piece  of  one-inch  er|uivalent  focus  as  a  magnifier. 
That  is,  it  is  practicable  to  examine  the  lunar  surface  under 
perfect  conditions  of  definition  and  illumination,  and  under 
a  magnifying  power  of  more  than  1100  diameters,  or,  as  if 
viewed  bv  the  naked  eve,  at  a  distance  of  217  miles  or  so. 

•Thefocuii  of  oar  photo^aphic  lens  is  ."TO.u  inches 
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This  can  be  dune  whenever  one  pleases,  and  as  long  as 
pleases. 

As  a  test  of  the  excellence  of  definition.  1  may  mention  a 
discovert'  which  I  have  made  on  Mr.  Barnard'scnlargcment. 
It  is  well  known  that  Msedler  (and  others)  have  mapped  the 
walls  of  the  Hyginus  rill  crossing  the  floor  of  the  Hyginus 
crater.  So  far  as  1  know,  this  has  only  been  once  seen.  The 
observation  is  a  delicate  one,  and  could  only  be  made  when 
the  sun  is  shining  nearly  in  the  direction  of  the  precedi 
branch  of  the  rill.  The  walls  inside  the  crater  arc  hai 
more  than  2000  r<irc/s  apart,  and  their  bright  tops  arc 
more  than  200  to  220  varrfs  wide.  Yet  they  are  plainly 
obviously  visible  in  this  enlargement. 

From  this  single  example   (among  many    others    wl 
could  be  given),  it  is  possible  to  form  a  judgment  of  the 
suits  which  a  competent  selenographer  could  draw  from 
series  of  our  moon  negatives.     I  have  no  hesitation  in  say- 
ing that  a  two  or  three  years'  study  of  such  a  series  would 
produce  greater  results  than  all  the  previous  work  of  observ- 
ers in  this  line,  great  as  Ihese  results  have  been,     rnfortii. 
nately.  the  limited  force  at  the  Lick  Observatory  will 
permit  us  to  undertake  anything  more  than  the  producrii 
of  the  negatives  themselves.     By  depositing  sets  of  these 
certain  scientific  centers,  they  will  be  sure,  sooner  or  la' 
to  be  studied  by  competent  observers, — Abstract  by  E. 

HoLDIiS. 


CniiLrihutions  of  Raphael  and  Alhreclit  Durcr  to  Astronom 

It  may  not  be  kno%vn  to  all  thai  Raphael's  Madonna! 
Foligno  has  a  si)ecial  interest  to  astronomers.  It  is,  I  1 
lieve.  the  only  painting  of  any  note  which  commemorates  j 
astronomical  event.  This  picture  was  painted  by  Rupha 
in  1511,  and  placed  in  the  Church  of  Ara-Cteli,  as  a  vod 
offering  from  Sigismund  Conti.  secretary  to  Pope  Julius  I 
for  his  miraculous  escape  from  death  by  an  aerolite, 
picture  was  removed  to  the  Convent  of  Foligno  in  1565  t 
aniece  of  Conti's,  and  was  carried  ofT'by  the  French  in  179( 
It  was  returned  in  1815  and  is  now  tn  the  Vatican.  Such'.l 
a  brief  sketch  of  the  wanderings  of  this  exquisite  paintiii 
Its  purely  astronomical  interest  consists  in  the  portrayal! 
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the  fall  of  the  aerolite  itself,  which  occupies  the  centre  of  the 
picture.  The  drawing  must  have  been  made  by  Raphael 
from  the  personal  account  of  Conti  (who  was  living  in 
1512),  and,  therefore,  it  has  even  a  certain  scientific  value. 

It  does  not  seem  to  be  superfluous  to  call  attention  to  this 
item  of  history,  which  lends  a  slight  additional  interest  to 
one  of  the  world's  great  pictures.  I  have  presented  a  good 
photograph  of  this  painting  to  the  Astronomical  Society's 
Hbrar\'. 

The  contribution  of  Albrecht  Durer  to  astronomy  is  even 
more  pronounced  and  permanent,  though  it  is  unknown,  I 
believe,  to  all  of  his  biographers. 

Hipparchus  (B.  C.  127)  and  Ptolemy  (A.  D.  136)  fixed  the 
positions  of  stars  by  celestial  latitudes  and  longitudes,  and 
named  the  stars  so  fixed,  by  describing  their  situation  in 
^ome  constellation  figure.    The  celestial  globes  of  that  day 
have  all  disappeared,  and  we  have  only  a  few  Arabian  copies 
of  them,  not  more  ancient  than  the  Xlllth  century,  so  that 
^veJ^lay  say  that  the  original  constellation-figures  are  entire- 
13-  lost.    The  situations  of  the  principal  stars  in  each  one  of 
the  forty-eight  classic  constellations  are  verbalh'  described 
l^y  Ptolemj'.    In  Lalande's  Bibliographie  Astronomique  we 
find  that  in  A.  D.  1515  Albrecht  Durer  published  two  star 
maps,  one  of  each  hemisphere,  engraved  on  wood;  in  which 
xhe  stars  of  Ptolem\'  were  laid  down  by  Heinfogel,  a  mathe- 
inatician  of  Nuremberg.    The  stars  themselves  were  connect- 
ed bj*  constellation-figures,  drawn  by  Durer.    These  constel- 
lation-figures of  Durer,   with   but  few  changes,  have  been 
copied  by  Bayer  in  his  Uranometria  (A.  D.  1603);  by  Flam- 
steed  in  Atlas  Coelestis  (1729);  by  Argelander  in  Uranome- 
tria Nova   (1843),  and  by  Heis  in  Atlas  Coelestis  Novus 
(1872),  and  have  thus  become  classic.    It  is  a  matter  of  con- 
gratulation that  designs  which  are  destined  to  be  so  perma- 
nent should  have  come  down  to  us  from  the  hands  of  so  con- 
summate a  master.  E.  s.  H. 


Photographic  Photometry. 

•Yatwre  for  October  10,  1889  (p.  584),  has  an  abstract  of 
a  very  important  paper  by  Capt.  Abne\',  P.  R.  S.,  on  this 
subject,  as  follows : 
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"The  author  concludes,  from  his  experiments,  that  the  de- 
posit of  silver  made  b_v  different  intensities  of  light  varies  [in 
density]  directly  as  the  intensity  of  light  acting — this,  of 
course,  within  such  limits  that  the  reversal  of  the  image  is 
not  commenced  and  that  the  film  is  not  at  any  part  ex- 
hausted of  the  silver  salt  which  can  be  reduced.*" 

Experiments  by  Mr.  Leuschner  on  this  same  question  arc 
to  be  published.  B,  s.  h. 

The  Ctiief  Discoverers  of  Comets. 
Mr,   W,   F.   Denning,  in   the  Observatorr  for  Novembj 
1889,  gives  the  following  table,  which  is  well  worth  reprifl 
ing.    It  has  been  completed  to  1890. 

Prdod  iifOhKrva-       Kd.  afCotnclal 
Sorat  of  niKovnrr.  tinni.  d'  "  " 

Charles  Mcwicr 1760-17H8 

P.  F.  A.  Mechain 17S1-1799 

Carolina  Henchd 1786-1793 

Jean  Lorn*  Pons 1802-1S27 

Padre  di  Vico 1844-1846 

T.J.  C,  A.  Brorsen 1846-1831 

Wilhelm  Klinkerfues 1853-1863 

Carl  Bmhnt l«53-ia84. 

Gioran  B,  Donati 1855-1864 

F.  .Vug.  T.  Winnecke 18S8-1881 

Withdm  B,  Tcmpel 1859-1884 

Uwis  Swift 1862-1890 

J.Coggia 18e7-1877 

Alphon»e  Botreny 1871-1890 

E.  E,  Bamnrd 1881-1890 

W.  R.  Brooks 1883-1890 


Mr.  Brett  on  the  Physical  Condition  of  Msrs. 

Publicatioas  tin.  5  of  the  Society  (page  122),  containi 
r^um^  of  a  recent  paper  by  M.  Flammarion,  on  the  pliy 
cal  condition  of  Mars.    The  fundamental  asumption  of  thai 
paper  is  that  the  dark  markings  on  Mars  represent  areas  of 
water.    This  assumption,  while  probable,  is  not  yet  proved. 

A  paper  by  Mr.  John  Brett.  F.  R.  A,  S..  in  the  Monthh 
Notices  Royal  Astronomical  Society  {or  1877   {vol.  38,  p. 
nS),  on  the  same  subject,  has  not,  it  appears,  received 
attention  it  deserves. 

It  is  worth  while  to  summarize  it  here,  in  order  to  acci 
the  wide  difference  of  views  held  by  observers  of  this  planet, 
and  because  of  its  suggestiveness  in  many  regards. 

Mr,  Brett's  conclusions  are  based  on  his  observations  of 
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1877.  He  points  out,  first,  that  Mars  does  not  show  the 
same  delicacy  of  detail  (as  Jupiter,  for  example),  under  like 
conditions;  and  he  attributes  to  Mars  an  atmosphere  of  con- 
siderable opacity  on  this  account.  As  the  details  of  the 
planet's  surface  vanish  before  they  reach  the  limb,  while 
thev  are  best  seen  at  the  center  of  the  disc,  and  as  the  disc  is 
brightest  at  the  limb,  the  conclusion  is  that  the  markings 
themselves  are  situated  below  the  surface  of  a  tolerably 
dense  atmosphere.  The  chief  topographical  features  on 
Mars  are  permanent,  and  hence  the  body  of  the  planet  is 
solid.  There  are  few  or  no  clouds  on  Mars.  This  fact  alone 
is  fatal  to  the  belief  that  the  **land  **  and  **  water"  on  Mars 
act  as  on  the  earth.  A  whole  opposition  of  Mars  may  pass 
and  no  changes  of  its  own  atmosphere  be  made  out. 

Itiscertain         m  spectroscopic  observations)  that  watery 
vapor  exists  in  the  atmosphere  of  Mars.     It  does  not  nec- 
essarily follow  that  the  vapor  is  anywhere  condensed  into 
visible  clouds.    If  the  polar  caps  are  veritable  **  snow-caps,*' 
then  clouds  must  exist  in  the  atmosphere.     Chilled  water- 
vapor  must  produce  clouds.     As  no  (or  few)  evidences  of 
clouds  exist  on  the  euqatorial  regions  of  the  planet,  Mr. 
Brett's  conclusion  is  tljat  the  so-called  ** snow-caps"  cannot 
be  snow-fields  at  all. 

All  the  dark  markings  disappear  before  they  reach  the  limb 
of  the  planet,  while  the  ** snow-caps"  themselves  are  best 
seen  at  the  limb,  and  often  project  far  beyond  it.    This  pro- 
jection has  been  laid  to  irradiation.    Mr.  Brett  thinks  that 
^he  "snow-caps"  are,  in  fact,  clouds  in  the  higher  and  colder 
regions  of  the  atmosphere.    The  dark  patches  near  the  caps 
lie  supposes  to  be  their  shadows.    He  assumes  that  the  re- 
^ons  near  the  poles  are  the  only  ones  cool  enough  to  con- 
dense the  (invisible)  water-vapor  into  visible  clouds.    More- 
over, it  follows  that  the  surface  of  the  planet  in  general  is 
hot — hot  enough  to  make  the  formation  of  clouds  impossi- 
ble; and  it  is  likely,  also,  that  the  **seas"  are  not  water. 

Mr.  Brett  also  points  out  that  ordinary'  atmospheric  ab- 
sorption will  not  account  for  the  fact  that  the  central  parts 
of  Mars  are  red,  while  the  limbs  are  **  white"  (lemon-^-ellow 
or  yellowish  white  in  the  great  telescope.)  The  nature  of 
the  absorption  at  the  limb  is  one  of  the  most  difficult  points 
to  account  for  on  a  theory  like  that  of  M.   Flammarion's, 
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previously  cited.  Mr.  Brett  attempts  no  special  explanation 
of  the  differences  of  color  between  the  "seas"  and  the  "con- 
tinents."— nor  does  he  mention  the  "canals,"  of  course. 

The  above  summary  is  given,  as  was  said,  simply  to  indi- 
cate the  wide  differences  between  plausible  explanations  of 
the  phenomena  observed  on  Mars.  The  fact  that  such  dif- 
ferences of  opinion  are  even  possible  indicates  the  unsatisfac- 
torj-  nature  of  our  knowledge  of  this  planet.  e.  s. 


A  SIMPLE  BREAK-CIRCUIT  FOR  CLOCKS. 
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A  break-circuit  arrangement  has  been  recently  constructed 
and  piit  into  operation  at  Harvard  College  Observaton,' 
which  works  verj-  satisfactorily.  A  small  permanent  horse- 
shoe magnet  was  rigidly  attached  to  the  pendulum  rod  of  n 
clock,  A  light  brass  contact  spring,  having  at  its  frw  cod  a 
small  soft  iron  armature,  ^vas  fixed  in  front  of  the  pendulum 
in  such  a  position  that  the  magnet  would  pass  directly  over 
it  at  the  middle  of  each  vibration.  The  contact  spring  was 
fitted  with  screws  to  regulate  the  amount  of  its  motion.  It 
was  adjusted  to  rest  with  a  slight  pressure  on  a  platinum 
tip  at  the  end  of  one  of  these  screws  through  which  the  cir- 
cuit was  completed.  At  each  beat  of  the  pendulum  the 
spring  is  lifted  by  a  slight  amount,  breaking  the  circuit, 
which  is  immediately  closed  again  after  the  pendulum  nnrl 
magnet  have  passed.  As  the  magnet  never  comes  into  con- 
tact with  the  armature,  friction  is  entirely  avoided,  the  only 
work  done  being  that  required  to  lift  the  spring.  Since  the 
spring  is  verj'  light  a  minimum  amount  of  energ>'  is  ab- 
sorbed in  its  operation.  This  form  of  break-circuit  is  easily 
constructed  and  can  be  apphed  in  a  few  minutes  to  any 
clock.  It  will  make  or  break  the  circuit  with  equal  facility, 
as  the  contact  spring  strikes  a  fixed  stop  in  rising  as  well  as 
in  falling,  and  in  so  doing  in  no  way  affects  the  pendulum 
Although  the  device  may  have  been  tried  before,  it  is  not  in 
general  use  and  is  worthy  of  the  attention  of  astronoment 
on  account  of  its  cheapness  and  simplicity,     it  has  been  in 


Cowet  1889  V  (Brooks  July  6).  125 


use  diirin/ar^he  past  two  months  for  giving  the  signals  which 
control -the  motion  of  the  Draper  eight-inch  photographic 
telescope. 
February  12,  1890. 


COMET  X889  V  (BROOKS,  JULY  6). 
DR.  H.  C.  WILSON. 


For  Thr  Mbmbxgbr. 

This  comet  promises  to  be  one  of  the  most  interesting  ones 
yet  discovered,  not  because  of  its  brilliancy,  but  because  of 
its  probable  identity  with  the  lost  Lexell  comet  of  1770  and 
of  the  interesting  and  exceedingly  difficult  problem  which  it 
offers  in  the  calculations  of  its  perturbations  and  the  tracing 
of  its  path  during  the  period  of  119  years  during  which  it 
has  been  lost  to  sight.    The  comet  is  at  present  moving  in  a 
short  ellipse  having  a  period  of  a  little  over  seven  years,  but 
in  an  article  published  in  the  Astronomical  Journal,  No.  204, 
Mr.  S.  C.  Chandler  pointed  out  the  fact  that  in  1886  the 
comet  must  have  passed  very  close  to  the  planet  Jupiter,  in 
fact  through  the  system  of  his  satellites,  and  its  orbit  must 
then  have  been  radically  changed.    In  a  later  paper  {Astr. 
Jour.  No.  205),  Mr.  Chandler  gives  the  results  of  a  rough 
calculation  of  the  principal  perturbations  by  Jupiter,  that  is, 
from  Jan.  24  to  Sept.  14, 1886,  and  attempts  to  trace  the 
coarse  of  the  comet  backward  from  that  time,  reaching  some 
very  remarkable  conclusions.    He  finds  that  the  encounter 
with  Jupiter  in  1886  effected  a  complete  transformation  of 
the  comet's  orbit.    Instead  of  the  present  small  seven  years' 
ellipse,  it  was  previously  moving  in  a  large  one  of  twenty- 
seven  years'  period,  whose  aphelion  lay  outside  of  Saturn's 
orbit,  and  whose  perihelion  was  almost  exactly  at  the  pres- 
ent aphelion  distance.    The  directions  of  the  lines  of  the  ap- 
sides and  nodes  were  reversed  and  turned  through  an  angle 
of  about  twenty  degrees.    The  plane  of  the  orbit  was  also 
tilted  about  fourteen  degrees. 

A  comparison  of  the  following  sets  of  elements  will  show 
the  radical  character  of  the  changes : 
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Before  1686. 

After  1886. 

r=1886Ni.v.28. 

-79  Gb.  m.  T, 

1889  Sept.  30.0119  Git.ii 

(T  —  203°  oa'.T 

1°26'  17".3) 

^i  =  179    13  i      1890,11 

17   58   45   ,3  J  1890.0 

i=      7   4.3  ,8 

G   04   10   ,5  1 

c  =  0.39+7 

0.470704 

o  =  8.989fi 

a. 684682 

q  =  5.Wll 
Period  =  26.95  vears. 

1,950229 

7.UT30  years. 

Several  montlis  tjefore  reaching  perihelion  the  coi 
passed,  near  the  beginning  of  18Sfi.  into  the  sphere  of  Jo] 
er's  attraction,  and  was  deflected  into  a  hyperliolic  path 
about  that  planet,  remaining  for  more  than  eight  months 
under  its  control ;  the  disturbing  inflnenoe  of  the  sun  during 
most  of  the  interval  being  insignificant.  The  eccentricity  of 
the  hyperbola  was  but  little  over  unity,  the  comet  having 
narrowly  escaped  being  drawn  permanently  into  Jupiter's 
satellite  system.  At  the  point  of  nearest  approach  to  Jup- 
iter May  20.  1886,  the  comet  was  distant  only  nine  diam- 
eter's of  the  planet  from  his  center,  almost  as  near  as  the 
third  satellite.  It  is  not  impossible  that  the  comet  may 
have  come  into  such  a  position  with  reference  to  the  satel- 
lites and  planet,  that  their  unequal  attraction  upon  different 
parts  of  its  diffuse  mass  may  have  tended  to  disruption,  and 
have  brought  about  the  separation  of  portions  such  as 
were  actually  observed  during  its  present  apparition. 

Professor  Bredichin  has  added  almost  certainty  to  this 
surmise  of  Mr.  Chandler's  by  publishing,  in  Astronomische 
Nachrichten  No.  2949,  the  results  of  some  calculations  which 
he  has  made  upon  the  orbits  of  the  companion  comets, 
which  were  detected  by  Mr.  Barnard  in  the  early  part  of 
August,  1889,  and  were  observed  until  about  the  end  of  Oc- 
tober. Taking  Mr.  Chandler's  first  set  of  elliptic  elements 
(Astr.Jour.  No.  204)  for  the  orbit  of  the  principal  mass  of 
the  comet,  designated  A.  Professor  Bredichin  has  compui 
by  a  differential  method,  the  orbits  of  the  mas.ies  C  and 
and  finds  that  they  intersect  the  orbit  of  A  at  almost 
same  point,  and  that  point  is  about  l'^  beyond  the  pi 
aphelion  point,  almost  exactly  where  the  comet  was  nearest 
to  Jupiter.  The  orbit  of  the  mass  B  is  between  the  orbits  of 
A  and  C,  and  that  of  £>  between  those  of  C  and  E. 

Tracing  backward  the  course  of  the  comet,  with  the  ele- 
ments of  the  27  year  orbit,  Mr.   Chandler  found  that  the 
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comet  would  not  have  approached  near  enough  to  any  plan- 
et to  have  its  path  greatly  changed  until  1779.  In  that 
year,  however,  the  comet  must  have  come  so  near  to  Jupiter 
as  to  pass  under  its  control  and  experience  a  radical  change 
of  its  orbit  at  the  point  of  longitude  where  Lexell's  comet 
^underwent  its  notable  disturbance  in  that  vear.  This  coin- 
cidence,  in  time  and  place,  of  approach  to  Jupiter  is  very 
strong  presumptive  evidence  of  the  identity  of  the  two  com- 
ets. It  is  certainly  very  striking  if  it  be  merely  an  accidental 
coincidence.  Moreover,  there  is  a  strong  resemblance  be- 
tween some  of  the  elements  of  Comet  1889  V,  before  1886, 
and  those  of  Lexell's  comet  after  1779,  as  shown  in  the  fol- 
lowing table,  in  which  Mr.  Chandler's  elements  are  carried 
back  to  1770. 


Lexcirs  < 

Comet  after  1779. 

Comet  1889  V  before 

• 

1886. 

Barckhardt. 

Le  Verrier. 

Chandler. 

/i— 0.10 

/i— +0.35 

% 

301*>    19' 

110°    00' 

258°    40^ 

201°24' 

Q 

183      15 

178      06 

175      27 

177  34 

• 

t 

14     42 

18      50 

11      27 

7      43 

e 

0.478 

0.535 

0.533 

0.395 

a 

6.388 

9.000 

9.000 

8.990 

The  two  sets  of  elements  b3''  Le  Verrier  were  selected  from 
a.  lai^  number  of  possible  sets  obtained  by  varying  the  inde- 
terminate quantity  ai.    These  both  correspond  to  a  period  of 
a.bout  twenty-seven  years.  Le  Verrier  found  that  the  observ- 
ations of  1770  could  be  represented  equally  well  by  a  num- 
l^cr  of  orbits,  diflTering  slightly,  it  is  true,  but  enough  to 
make  an  enormous  difference  when  the  perturbations  by 
Jupiter  in  1779  were  to  be  calculated.    He  therefore  gave  up 
the  attempt  to  calculate  definitive  elements  of  the  comet's 
new  orbit,  but  introduced  into  the  expression  for  each  an  in- 
determinate quantity  /i,  by  the  variation  of  which  elements 
could  be  obtained  to  suit  different  conditions.    He  has  given 
a  table  of  such  elements,  corresponding  to  different  values  of 
,  in  which  it  may  be  seen  that  the  values  of  Q  and  /  vary 
slightly  within  very  narrow  limits  while  the  other  elements 
have  a  very  wide  range  of  variation.    The  agreement  of  the 
Q  of  the  comet  of  1889  with  that  of  Lexell's  is  very  striking 
and  the  inclination  also  agrees  within  reasonable  limits. 
Tbesemi-majoraxis  a  also  agrees  with  the  two  selected  from 
Le  Verrier's  table,  but  these  depend  upon  the  assumption  of 
the  27  year  period.    The  fact  that  four  periods  of  26.95 
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years  are  very  nearly  equal  to  the  interval   107  years  1 
tween  tlie  approaches  of  the  two  comets  to  Jupiter  in  1779 
and  1886  would  seem  to  attest  the  substantial  correcta 
of  the  period. 

There  is,  however,  room  to  doubt,  as  Mr.  Chandler  fail 
admits,  whether  the  method  which  he  pursued  is  ade( 
to  the  attainment  of  such  precision  in  the  dimensions  of  the 
ellipse  previous  to  1886,  as  the  above  implies.  It  is  quite 
possible  that  the  period  derived  that  way  maybe  in  error  by 
several  years  and  even  that  the  comet  may  have  made  only 
three  revolutions  in  the  107  years.  In  this  case  Mr.  Chand- 
ler points  out  the  fact  that  the  comet  would  have  ap- 
proached Jupiter  again  in  1815  and  1850,  suffering  enormous 
perturbations,  the  effect  of  which  it  would  be  impossible  to 
calculate.  The  probability  that  this  may  have  been  the  case- 
is  heightened  by  the  fact  that  the  very  elements  of  Lcxell's 
comet  which  Mr.  Chandler  selects  give  periods  of  33  years 
and  slightly  different  ones  would  give  35  and  36  years. 

In  the  Bulletin  Astronomique,  tome  VI,  Nov,  1889,] 
Schulhofhas  discussed  the  possibility  of  identitv  of  s 
pairs  of  periodic  comets  by  means  of  a  criterion  which 
been  expressed  in  a  neat  mathematical  formula  by  M.  Tiase- 
rand.  This  criterion  depends  upon  the  fact  that  a  body  re- 
volving about  another  as  a  center  has  the  same  velocity  for 
equal  radius  vectors.  A  comet  under  the  influence  of  strong 
perturbations  by  a  planet  revolves  for  the  time  about  the 
planet  as  a  center,  and,  therefore,  has  e<iual  velocities  at  the 
two  points  of  entering  and  leaving  the  sphere  of  influence  of 
the  planet,  the  one  point  being  in  the  old,  the  other  in  tjb 
new  orbit.  M.  Tisserand  expresses  this  relation  vci 
proximately  by  the  formula, 

1  1   _2v-4 


3  ycar» 
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-sr  (spi  cos  i,  —  \p,  cos  /, ), 

in  which  a„  a„  p„  p„  i„  /,are  the  semi-major  axes,  paxad 
and  inclinations  of  the  old  and  new  orbits  of  the  cornet,^ 
A  and  J?  are  the  semi-major  axis  and  radius  vector  of  the 
planet's  orbit  at  the  point  of  nearest  approach.  This  fof: 
mula  may  be  separated  in  two  equal  parts  of  the  form 
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_   1     ,2sA 
n=    -  +  -^-  sp  cos  /, 

which  are  convenient  in  comparing  comets  which  exhibit 
signs  of  identity.  In  the  following  table  the  values  of  n  as 
computed  by  Mr.  Schulhof  are  given  together  with  the  ele- 
ments of  the  21  known  periodic  comets,  and  their  longi- 
tudes at  the  point  of  proximity  to  Jupiter : 

Name.  n  tc  O         i  cat 

1.  Denning  1881 0.-H2  19°      66°  7°  0.83  4..28  22.r^ 

2.  Piggott  1783 0.473  50        56  +5  0.55  3.26  233 

3.  Brorscn    184^5 0.476  116  103  31  0.79  3.14  283 

4.  Finlav    1886 0.843  8        52  3  0.72  3.54  205 

5.  Lcxcfl    1770 0.485  356  132  2  0.79  3.16  184 

6.  Biela  1772 0.486  110  257  17  0.72  3.58  268 

7.  Hclfenzriccler    1766 0.493  251         74  8  0.86  2.93      80 

8.  Wolf  1884 0.496  19  206  25  0.56  3.58  210 

9.  D'Arretst    1851 0.503  323  148  14  0.66  3.44  153 

10.  Favc   1843 0.507  50  209  11  0.56  3.81  209 

11.  Winnecke  1858 0.508  276  114  11  0.75  3.14  113 

12.  Tattle  1858 0.527  201  175  20  0.67  3.52  O 

13.  Brooks    1889 0.530  2  18  6  0.47  3.67  185 

14.  Tempel-Swift   1869 0.534  43  297  5  0.66  3.11  223 

15.  DeVico  1844 0.537  343  64  3  0.62  3.10  162 

16.  Brooks    1886 0.553  230  52  13  0.61  3.41  53 

17.  Tempel    1873 0.562  306  121  13  0.55  3.00  125 

18.  Blanpain    1819 0.566  67  77  9  0.69  2.85  247 

19.  Barnard    1884 0.566  306  5  5  0.57  3.08  126 

20.  Tempel   1867 0.590  236  101  6  0.51  3.19  60 

21.  Encke  1795 0.591  157  335  14  0.83  2.21  335 

It  will  be  seen  from  this  table  that  the  quantity  n  does  not 
vary  very  widely  for  all  the  twenty-one  comets.  For  a 
single  comet  the  perturbations  by  a  single  planet  can  pro- 
duce only  a  slight  v«ariation.  Schulhof  puts  the  limit  of  this 
variation  at  0.01.  This  criterion  then  would  seem  to  ex- 
clude the  possibility  of  the  identity  of  the  two  comets  now^ 
under  consideration,  for  the  difference  between  the  values  of 
n  is  0.045. 

But  there  is  an  exceptional  case  in  which  n  is  not  constant, 
that  is,  when  the  comet's  path  is  disturbed  b\'  a  second  plan- 
et, and  it  seems  probable  that  this  may  have  been  the  case 
with  Lexell's  comet.  In  a  later  paper  (Bull.  Astr,  Dec.  1889) 
Mr.  Schulhof,  after  seeing  Mr.  Chandler's  results,  shows  that 
the  comet  may  have  approached  near  to  Saturn  between 
1779  and  1886,  so  that  his  action  has  modified  the  value  of 
n,  calculated  on  the  hypothesis  that  Jupiter  w«is  the  only 
disturbing  body.  This  indispensable  condition  of  a  strong 
perturbation  by  Saturn  gives  a  means  of  determining  ap- 
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proximately  the  period  of  revolution  which  the  comet  must 
have  had,  on  the  supposition  of  identity,  after  1779  find  be- 
fore 1886.  An  examination  of  Le  Vcrricr's  table  of  elements 
showed  that  the  comet  after  loavinj;  Jupiter  in  1779  would 
approach  quite  near  to  Saturn  if  the  value  of ,"  were  —  0,08 
or  +0.32.  The  two  corresponding  sets  of  elements  nrc 
given  below  with  those  obtained  by  Mr,  Chandler: 

f  T  -  ^>  i  e  a  P 

—  0.08   1812.35  120.ir  178.1'    18.7°  0.576  10.55  34.27^- 
+  0.32   1781.06  250.0     175.7     11.9     0.615  10.70  35.00     ' 
1S8G.91   203,1     179.2       7.7     0.395     8.90  26.95 

On  the  first  supposition  the  comet  was  at  its  shortest  dis-' 
tancc  from  Saturn's  orbit  in  hcHocentric  longitude  6*^  about  ] 
1808,0.  184'2.2  and  1876,5;  and  on  the  second  supposition  ( 
in  longitude  8  about  1785.3.  1820.3  and  1855.3;  Satontj 
being  at  the  same  points  about  1790,9,  1820.+,  1849.9  and  .! 
1879.4.  The  close  coincidence  of  the  dates  1820.3  and  I 
1820.4  points  to  the  second  set  of  elements  as  the  more  prob-1 
able,  but  this  would  make  the  period  almost  uniform  from  J 
J779  to  1886.  while  in  order  to  reconcile  the  values  of  o  the  J 
period  is  required  to  be  greater  before  1886.  Mr.  ScfauIboP 
finds  the  criterion  to  be  best  satisfied  by  supposing  the  pc-ij 
riod  to  have  been  about  32  years  from  1779  to  1849,  atj 
which  epoch  the  comet  passed  near  Saturn  and  its  periodll 
was  increased  to  about  42  years.  This  would  avoid  bring-, 
ing  the  comet  near  to  Ju|)iter  in  1815  and  1850  or  at  any -j 
time  between  1779  and  1886. 

For  the  next  four  periods  of  about  seven  years  the  comet  I 
will  be  free  from  serious  perturbations,  appearing  in  1896*. 
1903,  1910  and  1917  under  favorable  conditions  for  obser- 
vation, but  in  1921  it  will  again  enter  into  the  sphere  of 
Jupiter's  acti\'ity  and  undergo  another  violent  transmuta- 
tion. 

Altogether  theinvestigations  of  Messrs.  Chandler. Schulhof 
and  Bredichin  are  exceedingly  interesting  although  the  re- 
sults are  as  yet  verj-  uncertain.  The  problem  is  one  that 
will  tax  to  the  utmost  the  powers  of  mathematical  research, 
and  is  of  the  greatest  importance  in  its  bearing  upon  oar 
knowledge  of  the  constitution  and  origin  of  these  crrati 
members  of  the  solar  system.  What  a  grand  achievement: 
if  the  computer  shall  succeed  in  following,  with  reasonable, 
certainty,  the  wanderings  of  this  wisp  of  nebulosity,  as  iti 
is  whisked  about  from  one  ellipse  to  another  by  the  giaofe 
planets  Jupiter  and  Saturn ! 
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Mercury  will  be  at  superior  conjunction  on  the  morning  of  April  9. 
During  the  first  days  of  March  it  nia3'  be  visible  to  the  naked  eve  a  little 
l)efore  sunrise.  The  best  observations  of  this  planet,  however,  have  been 
made  when  the  sun  was  above  the  horizon  and  the  planet  at  as  great  an 
altitude  as  possible.  It  was  by  following  the  planet  through  the  day,  even 
when  it  was  more  distant  than  the  sun,  that  Professor  Schiaparelli  made 
his  brilliant  discovery  of  the  rotation  |)eriod  of  Mercury,  which  we  referred 
to  last  month.  It  is  only  when  the  phase  of  Mercury  is  nearly  full,  and 
therefore  when  the  planet  is  on  the  farther  side  of  its  orbit,  its  disk  being 
then  only  5"  in  diameter,  that  the  general  configuration  of  its  surface  mark- 
ings can  l>e  seen. 

If  it  be  true  that  the  rotation  i^eriod  of  Mercury  is  the  same  as  that  of 
its  revolution  around  the  sun,  and  this  does  not  seem  to  be  at  all  unreason- 
able, what  strange  conditions  of  affairs  must  exist  upon  that  planet !  One 
hemisphere  in  perpetual  day,  the  other  in  everlasting  night  I  One  in  jjerpet- 
ual  heat,  the  other  in  intense  and  never  ceasing  cold !  At  one  point  upon 
the  sunward  hemisphere  the  sun  is  in  the  zenith,  oscillating  23°  4-1'  alter- 
nately' to  the  east  and  west,  £it  others  alternately  above  and  liclow  the 
same  point  of  the  horizon,  during  the  |)eriod  of  88  of  our  days.  Many  in- 
teresting, although  of  course  useless,  questions  present  themselves  to  one's 
mind  in  contemplating  these  conditions.  Are  there  living  intelligent  l)eings 
there?  On  what  part  of  the  glol)e  do  they  live?  How  do  they  measure 
time  ?    etc. 

Venus  has  just  passed  superior  conjunction,  l>ecoming  now  "evening 
star."  In  the  latter  part  of  March  it  will  be  visible  to  the  eye  in  the  west 
after  sunset  but  so  low  that  telescopic  observations  will  lie  unsatisfactory. 
The  success,  however,  of  Professor  Schiaparelli  in  seeing  the  markings  on 
Mercury  in  full  sunlight  should  encourage  observers  to  study  Venus  in  the 
same  way.  Its  position  this  month  will  be  very  favorable  for  study  of 
Venus  in  that  wax*,  as  the  phase  is  almost  full  and  the  declination  will 
permit  the  planet  to  reach  an  altitude  of  from  4-5°  to  50'\ 

Mars  will  be  in  Scorpio,  during  this  month,  just  a  little  north  of  the 
red  star  Antares.  The  two  ruddy  objects,  visible  in  the  morning  in  the 
south,  will  be  nearly  alike  in  brightness  and  color. 

Jupiter  is  in  the  constellation  of  Capricorn,  and  may  l)c  found  in  the 
southeast  in  the  morning,  it  Ixring  brighter  than  any  of  the  stars  in  that 
part  of  the  sky. 

Saturn  may  Ije  easily  found  in  the  evening.  Looking  toward  the  east 
at  eight  o'clock  one  sees,  about  half  way  to  the  zenith,  two  bright  stars  and 
a  group  of  fainter  ones  in  the  form  of  a  sickle.  The  brighter  of  the  two 
stars  is  Saturn,  whose  yellow  light  also  distinguishes  him  from  the  other. 
Regains,  whose  light  is  bluish  white.  We  have  had  several  good  views  of 
Saturn  lately  with  the  eight-inch  refractor.  The  white  equatorial  belt  is 
conspictious.  The  dix-isions  between  the  rings  are  becoming  difficult  to  see 
with  small  telescopes,  because  the  rings  are  turned  so  nearly  edgewise  to 
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Uranus  will  be  at  opposition  to  the  sun  April  14,  and  so  can  be  well 
seen  in  the  evening. 

Neptune  is  still  visible  in  the  evening,  between  the  Hyades  and  Pleiades. 
Our  class  in  practical  astronomy  on  one  evening  recently'  looked  up  this 
planet  and  found  two  objects  in  the  field  of  view,  of  almost  exactly  the 
same  brightness  and  color.  The  only  way  to  distinguish  between  the 
planet  and  star,  as  the  definition  was  somewhat  poor,  was  bj-  the  dif- 
ference in  intensity  of  the  light  of  the  two  objects,  the  light  of  Neptune 
Ijeing  duller  than  that  of  the  star. 

.MERCURY. 

R.  A.            Dccl.               Rises.  Transits.  Sets. 

1890.                hm               '^'              hm  hra  hm 

Mar.  26 23  37.5    —4-48          5  37  a.m.  11  21.1  a.m.  5  07  P.M. 

April    5 O  40.4.    +   3  33           5  33     **  11  50.5     *'  6  08     *' 

15 2  02.5    -1-12  47          5  32    "  12  27.1  P.M.  7  22    ** 

VE.NUS. 

Mar.  26 0  57.2    -|-  4  56          6  18  a.m.  12  40.5  p.m.  7  03  p.m. 

April    5 1  43.1     -f-  9  51          6  04-    '*  12  47.1    **  7  30    ** 

15 2  30.2    +14  23          5  53    '*  12  54.6    *'  7  56     *• 

MARS. 

Mar.  26 16  30.8    —21  03        11  36  p.m.  4  11.7  a.m.  8  47  A.M. 

April    5 16  40.5    —2137        1101)    '*  3  41.9    "  8  14    " 

15 16  46.1    —22  06        10  38    •*  3  08.2    "  7  38     *' 

jriMTKR. 

Mar.  26 20  34.1     —19  07          3  34  a.m.  8  18.3  a.m.  1  03  p.m. 

April    5 20  40.7    —18  44          3  00    '*  7  45.8    '•  12  32    *• 

15 20  46.5    —18  24          2  25    '•  7  12.0    "  1159  a.m. 

SATUR.N. 

Mar.  26 10  02.9    +13  49          2  45  p.m.  9  44.7  p.m.  4  44  a.m. 

April    5 10  01.1     +13  58          2  04    "  9  03.7    "  4  04    '' 

15 9  59.8    +14  04           1  22     "  8  23.1     "  3  24     " 

VRA.Nl'S. 

Mar.  26 13  35.3     -   9  17          7  50  p.m.  1  16.5  a.m.  6  43  a.m. 

April    5 13  33.7     -   9  08          7  09    "  12  35.7    **  6  03    »* 

15 13  32.1     -   8  58          6  27    **  11  54.7  p.m.  5  22     " 

XEPTU.NE. 

Mar.  26 4  02.2    +19  03          8  22  a.m.  3  45.1  p.m.  11  08  p.m. 

April    5 4  03.2    +19  07          7  43    '*  3  06.8     '*  10  30    ** 

15 4  04.5    +19  11          7  65    *'  2  28.7    "  9  52    " 

THE  srx. 

Mar.  26 0  22.2    +   2  24          5  52  a.m.  12  05.7  p.m.  6  20  P.M. 

April     5 O  58.6    -f   6  16          5  33    '*  12  02.6    *'  6  32    " 

15 1  35.3    +   9  56          5  16    *'  11  59.9  A.M.  6  44-    " 

THE  MOON. 

Mar.  21 1  01.1    +  0  46          6  50  p.m.  12  59.0  p.m.  7  17  P.M. 

26 5  18.6    +22  29          9  13  a.m.  5  01.3    "  1256  a.m. 

31 9  42.9    +1S  05          128  p.m.  9  05.2    "  4  32    *' 

April    5 13  47.8     -   6  30          6  55    '•  12  49.7  A.M.  6  34    " 

10 17  34.1     -23  09        1145    "  4  19.8    "  8  52    " 

15 22  44.4     -13  12          3  57  a.m.  9  09.6    "  2  32  P.M. 

TThe  above   tables  /arive  local   times  for  the  Central  Meridian  and   latitn 
+  *4'^  28'.] 
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Date.  Kamc.  tudt. 

Mar.  29...p'Cancri GVi 

Apr.      5., .88  Virginis fiVi 

5...B.A.C.4647...  61^ 

?...;»  Librae 6 

7..  J*  Librae 5Vi 

13...>(Capricomi...  5 


BMKRSIDN. 


9  32 
II)  4(1 

15  51 

10  02 

11  15 

16  11 


1  13 

0  5N 

1  03 


134  •Tie  Sidereal  Messenger. 

Minima  of  Variable  Stare  of  the  Alg;ol  Type. 

Ran^e  of  Approx.  Central 

R.  A.  Decl.        Mag^nitude.      Period.      Times  of  Minima, 

h      m    9  °      '  d      h    m 

UCephei 0  52  32    +8117    7.1  to  9.2    2  1150    Mar. 20. 11  "p.m.: 

25,  11»»  P.M.;  30, 

ll»»P.M.;April4., 

10»»  P.M.:  i\  10^ 

P.M.*  l*!-  10^  P  M. 

Algol 3  0101    +40  32    2.3  to  3.5    2  20  49    Mar!  19,' 5»»  a.m.: 

22,  2^  A.M.:  24. 
ll»»p.  M.;  26,  8»> 

P.M. 

ATauri 3  54  35    +12  11     3.4  to  4.2    3  22  52    Mar.  19.  7^  p.m.; 

23,  6**  p.  M.. 

R  Canis  Maj...   7  14  30    -  10  11     o.O  to  6.7    1  03  16    Mar.  23,  9»^  p.m.; 

31, 8*^  p.  M.;  April 
1,   11''   p.   M.;  9. 

l()h  p,  ^1, 

SCancri 8  37  39    +19  26    8.2  to  9.8    9  1138    Mar.  25. 10*' p.m.: 

April  13,  9''  P.  M. 

<5  Libra; 14  55  06     -     8  05    5.2  to  6.2    2  07  51     Mar.  16,   10-'   p. 

M.;  23,  10^  p.  M.: 
30,10*'p.M.:  Apr. 
0,  9^  P.M.;  13,  9^' 
p.  M. 

U  Corona 15  13  43    +  32  03    7.5  to  8.9    3  10  51     Mar. 22.  1'^  a.m.; 

28,  11*^  P.  M. 

II  Ophiuchi 17  10  56    +     1  20    6.0  to  6.7    0  20  08    Mar.  23,  1^'  a.m.; 

28,  2''.v.M.:April 
2,3"  A.M.:  7.  4^ 

A.  M.;  12.  .'>'^  A.M. 

Phases  of  the  Moon. 

Central  Time. 
(1      h      m 

New  Moon 1890  March  20     3  01  p.m. 

First  (Quarter "  **       28     3  33  A.  M. 

Full  Moon "      April     5     3  24  a.  m. 

Last  Ouartcr "  **       12     4  53  a.m. 

Perigee "    March  17     8  54  p.  m. 

A])()gee '•  "       29     3  42  P.  M. 

Perigee "      April    13  11    12  a.m. 


COMET  NOTES. 

Trnnsit  ofCornct  il,  JSS9,  {Brooks,  July  6\)  over  u  star,  (hi  the  even- 
J"K  of  January  17,  Mr.  O.  C.  Wendell  niruk^  his  customary  examination 
of  the  physicfil  peculiarities  of  this  comet  previous  to  taking  transits. 
This  was  done  not  only  from  the  fact  that  this  body  has  sent  off  several 
companion  comets  already,  but  also  because  on  the  two  nights  previous, 
a  sus])icion  had  been  entertained  of  a  subdivision  in  the  nucleus.  This 
latter  ajjpcaranee  was  probably  due  to  bad  seeing,  as  was  thought  pos- 
sible at  the  time.  On  the  night  in  question,  under  a  careful  scrutiny,  no 
apparent  subdivision  was  seen  at  the  first,  but,  on  the  other  hand,  it 
was  remarked  that  the  comet's  nucleus  was  unusually  sharp  and  well  de- 
fined.   Transits  were  accordingly  taken,  but  Ixjfore  finishing  them  there  Ijc- 
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gan  to  be  the  appearance  of  two  nuclei,  one  sharp  and  stellar,  the  other 
having  the  more  usual  cometary  appearance.  Then  it  at  once  became  evi- 
dent that  the  comet  had  passed  centrally  over  a  star,  which  had  according- 
h*  been  taken  in  transit.  As  the  comet  moved  away,  it  was  estimated  that 
the  increase  in  the  star's  brightness  was  possibly  two-tenths  of  a  magni- 
tude. In  other  words,  the  comet  had  passed  centrally  over  a  10.7  magni- 
tude star  with  scarcely  any  diminution  of  its  light. 


Comet  1886  VII  (Finlay).  Mr.  L.  Schulhof  at  Paris  is  about  to  com- 
pute definitive  elements  of  this  comet  and  desires  all  unpublished  observa- 
tions to  be  communicated  as  soon  as  possible. 


Comet  1889  I  { Barnard,  Sept.  2, 1888).  This  comet  was  observed  from 
Sept.  4, 1888,  to  Feb.  17,  1889,  and  from  May  22  to  Oct.  22, 1889,  and  per- 
haps later  observations  have  not  been  published.  Dr.  A.  Ber!>erich  {Astr. 
Sach.  No.  2946)  has  computed  very  accurate  elements  of  its  orbit  from  all 
the  published  observations.  Fifteen  normal  places  were  formed,  which  are 
all  represented  within  their  possible  errors  by  the  new  elements. 

T=r  1889  Jan.  31.209083  Berlin  mean  time. 
a7=i340°  27'    39.74") 
Si—S'^l    25      14.93    }  1889.0 
/=116    22      12.83    ) 
log  q  —  0.2588515  q  =^  1.814894 

e=  1.0010863 

It  ^vill  be  seen  from  the  value  of  e  that  the  orbit  of  this  comet  is  an 
hyperbola.  Dr.  Berberich  thinks  he  has  found  the  cause  of  deviation  from 
a  parabolic  path  in  a  near  approach  of  the  comet  to  the  orbit  of  Uranus  in 
1882.  The  angular  distance  between  the  comet  and  planet  as  seen  from 
the  sun  was  10^  and  the  actual  distance  between  them  about  three  times 
the  earth's  distance  from  the  sun.  The  perturbation  then  produced  by  the 
planet  upon  the  comet's  motion  was  in  the  right  direction  and,  considering 
the  long  duration  of  its  influence,  was  probably  sufficient  to  change  the 
orbit  from  a  parabola  to  its  present  form.  The  comet  is  now  moving 
almost  directly  toward  Jupiter,  its  distance  at  the  l)eginning  of  this  \'ear 
being  about  the  same  as  the  earth's  distance  from  the  sun,«o  that  further 
perturbations  are  likely  again  to  change  the  form  of  the  orbit.  It  is  possi- 
ble that  the  comet  will  still  be  visible  for  a  few  months  with  the  aid  of  large 
telesco|)es,  the  theoretical  brightness  being  about  0.09  of  that  at  the  time 
of  discovery  Sept.  2,  1888.  The  following  ephemeris  by  Dr.  Berberich  will 
enable  observers  to  find  the  place  of  the  comet  and  test  the  powers  of  their 
telescopes  and  ej^e-sight  in  this  direction.  The  only  chance  to  see  it  will  be 
about  two  hours  before  sunrise. 


1890 
Berlin  midnis^ht 
March    8 

a  app. 

h      m     8 

18  55  00 

12 

54  43 

16 

54  14 

20 

53  33 

24 

52  38 

28 

51  29 

April       1 
5 

50  05 
48  28 

9 
13 

46  36 
^  28 

app. 

o           / 

log  r 

log  J 

0    06.7 

0.6832 

0.7122 

9    56.1 

9    45.4 

0.6895 

0.7066 

9    34.7 

9    23.9 

0.6956 

0.7004 

9    13.1 

9    02.4 

0.7016 

0.6938 

8    51.7 

8    41.2 

0.7076 

0.6871 

8    30.9 
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Sunspots  during  the  past  month  have  l>een  very  few  and  small.  The  fol- 
lowing is  the  record  of  observations  at  Carleton  College  Observatorj*  from 
Dec.  18,  1889,  to  Feb.  20,  1890.  The  instrument  employed  is  the  8-inch  re- 
fractor, full  aperture,  the  image  of  the  sun  being  projected  through  a  comet 
eye-piece  upon  a  screen.  The  diameter  of  the  image  is  usualh*  about  15 
inches  and  the  spots  which  are  distinctly  seen  are  counted.  These  obser\'a- 
tions  arc  made  bv  Miss  C.  R.  Willard  and  H.  C.  Wilson. 

» 

'    55      2:      "TJ        O 
O        C         Si  C* 

r.  Of 

Date  ^     -c      I       J 

(Civil)    Central  2      ^      •"        ^  Remarks. 

1889.      Time,    -g      ?'      \         ? 

Dec.  18    12''0()'"1      '4     '()    H.c.w. 

20    1220    2    15    10        •'  Both  groups  in  north  latitude. 

25       9  4-5    1    10      (»        **  One  large  spot  followed  by  small  ones 

in  S.  latitu'de. 

20    12  30     1     18       1 

27       2  30    2    25     12        "  New  large  sjxit  surrounded   by  bril- 

liant facula?  near  east  limb.  Fine 
aurora  last  night  from  9**  to  3*^. 

30    12  30    2      -4-    15        **  Group  near  west  limb  surrounded  by 

brilliant  facula.  Spot  to  east  of  cen- 


1890. 

ter  has  two  umbne. 

Jan.    2 

12  00 

1 

1 

0 

7 

3  15 

4 

12 

Ggr.     - 

Two  groups  of  spots  north  and  two 
south  of  equator. 

9 

10  15 

1 

2 

2        " 

10 

2  45 

0 

0 

3gr.c.R.w. 

Large  grouj)  of  facula?  near  E.  limb. 

13 

0     0 

0 

0 

Igr.     '' 

17 

12  45 

1 

3 

Igr.     " 

Large  grouj)  of  faculae  1-5  way  across 
disk.    Famt  aurora  at  10  p.  m. 

20 

12  45 

1 

G 

Igr.  H.c.w. 

Two  large  spots  with  large  area  of 
facula*. 

21 

2  30 

0 

0 

0       C.R.W. 

Definition  ])Oor. 

23 

2  30 

0 

K^ 

0 

25 

12  40 

0 

0 

1  gr.  H.c.w. 

Facuhc  near  S.  W.  limb. 

27 

2  05 

0 

0 

C.R.W. 

44                             44                        14                        ii 

• 

30 

9  45 

0 

0 

0 

31 

11  15 

• 

1 

4 

0       H.c.w. 

Group  in  north  latitude  about  V3  way 
across. 

Feb.    1 

12  50 

1 

4 

1        C.R.W. 

5 

12  25 

0 

0 

1  gr.      - 

0 

9  30 

0 

0 

Igr.      •' 

^ 
/ 

9  30 

0 

0 

2  gr.  H.c.w. 

8 

12  30 

0 

0 

Igr.  E  C.R.W 

11 

4  45 

0 

0 

3      H.c.w. 

Aurora,  faint  low  arch,  noticed  from 
8  to  10  P.  M. 

13 

4  30 

0 

0 

1  NE      '• 

14 

12  15 

0 

0 

Igr.SVV 

15 

12  30 

0 

0 

*'       C.R.W. 

18 

12  30 

0 

0 

2gr.W 

20 

12  30 

1 

1 

1  gr.      - 

Faint  spot  near  center. 

Knowledge  for  February  1890,  contains  a  beautiful  photo-engraving  ol 
a  remarkable  sunspot,  photographed  by  Dr.  Jannsen  at  Meudon,  France. 
This  photograph  shows  a  great  deal  of  detail  in  the  penumbra  of  the  spot 
and  in  the  granulation  of  the  general  surface  of  the  sun.  But  wc  can 
hardly  subscril>e  to  Mr.   Ranyard's  astonishing  statement  that  "Our  en- 
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larged  copy  shows  as  much  as  can  )ye  seen  under  the  !>est  conditions  with 
the  eye  at  the  telescope;  and  the  negative  from  which  it  is  made  shows 
still  more."    The  copy  l>efore  us,  which   seems  to   be  a   verj'  {lerfect  one, 
certainly  shows  nowhere  near  what  can  l>e  seen  with  our  eight-inch  re- 
fractor under  fair  conditions,  even  with  the  ajK^rturc  reduced  to  two  inches. 
V Astronomies  Feb.  1890,  contains  an  interesting  note  in  regard  to  the 
lar^  spot  which  appeared  upon  the  sun  in  June  1889.    This  sj)()t  was  ob- 
served during  three  rotations  of  the  sun  in  June,  July  and  August,  disai> 
pexiring  August  20,  reduced  to  a  point,  Ijefore  it  reached  the  west  limb.    On 
Jui-ie  28  when  the  spot-was  for  the  first  time  at  the  west  limb  of  the  sun, 
A£-r-  Ricco  at  Palermo  noticed  a  curious  irregularity  of  the  edge  of  the  solar 
di^l<,  a  depression  at  the  spot  and  one  or  two  elevations  on  either  side. 
Tlaii  s  same  irregularity  is  sho\Vn  upon  the  photographs  taken  the  same  day 
at:     !^otsdam.    Mr.  Ricco  determined  on  each  day  of  observation  the  exact 
position  of  the  spot  upon  the  solar  disk.    When  these  positions  are  plotted 
in    I  ^titude  and  longitude  they  indicate  a  curiously  irregular  course  of  prop- 
er       vnotion  of  the  spot.    We  hof)e   to    give  an  engraving  of  this  sunspot 
tr^^.^:k  in  our  next  number.  h.  c.  w. 


Smith  Observatory  Observations.  The  following  observations  of  the 
s**"*^  's  surface  were  made  with  the  Brashear  Helioscope  attached  to  the  9M« 
'^^^^  equatorial  of  Smith  Observatorj'.  A  power  of  98  was  most  com" 
^^^^xily  used  in  connection  with  filar  micrometer  which  Mr.  Brashear  fitted 
^^    "the  Helioscope. 

Remarks. 
Seeing  fair. 

Seeing  poor.    Little  change :  faculx  bright. 
Seeing  very  poor.    Gr^n.  structure  difficult. 
Seeing  fair.    Faint  facula?  near  S.  E.  limb. 
Seeing  good.    Gran.  st.  sharp;  no  facul^e. 
Seeing  fair.    No  faculs. 
Seeing  fine.    Willow  leaves  visible  to  limb.* 
Seeing  fair.    Small  and  poor.    N.  lat. 
Seeing  fair.    Single  group  div.  into  two. 
Beloit,  Wis.,  Feb.  8,  1890.  chas.  a.  bacon. 


1  ^*«o.    90ni  11. T. 

Groaps. 

Spots 

]a-x^.20 

2 

1 

4 

21 

1.50 

1 

4 

23 

2 

0 

0 

2-1. 

1.50 

0 

0 

27 

2 

0 

0 

28 

2.30 

0 

0 

29 

2.20 

0 

0 

30 

3.50 

1 

3 

31 

2.15 

2 

5 

Smithes  Planetary  Almanac  for  1890  is  published  by  Walter  H.  Smith, 
^^  Arcade  St.,  Montreal,  Canada.  It  contains  considerable  about  the 
Planets  for  each  month.    Its  mailing  price  is  twelve  cents  per  copy. 


The  Hartford  Fire-Ball.  December  24  we  wrote  to  Professor  R.  B. 
Riggs,  of  Hartford,  Connecticut,  concerning  the  so-called  fire-ball  which 
feu  in  the  streets  of  that  city,  Dec.  10,  as  described  in  the  Januar\'  issue  of 
this  journal  (p.  40),  and  asked  of  him  specific  information  concerning  it. 
in  his  reply  of  January  21,  he  states  that  he  had  succeeded  in  getting  a 
fragment  of  two  or  three  grams  of  it,  and  made  a  partial  chemical  analysis 
^f  the  same.  The  fragment  was  wedge  shaped,  the  surface  of  fracture 
)Iack,  as  is  the  case  with  igneous  rocks  containing  more  or  less  ferrous 
on.    The  inclined  faces  were  of  a  light  brown, — as  might  be  from  exposure 

•  Transits  of  willow  leaves  across  micrometer  wires  were  readily  taken.   Power 
1. 
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and  heat.    As  the  owner  of  the  fragment  wished  to  preserve  it,  the  analysis 
was  made  from  about  .8  grams,  and  was  but  partial,  as  follows : 

Ti  O..  \.Q0%  Cr,  O3  none 

Si  Oi       57.37  Ca'O  trace 

F,  O  3.69  MgO  1.57 

AI2O3       27.24  Kj  O  6.50 

MuO         none  NajO  .93 

Ign  1 .05 

Total       99.95 

But  a  fraction  of  a  per  cent,  was  soluble  in  hydrochloric  acid,  if  any. 
That  the  iron  was  in  a  ferrous  condition  was  inferred  from  the  action  of  the 
rock. 

Professor  Riggs  thinks  that  the  presence  of  Titanic  oxide  and  the  high 
IMrrcentage  of  alkalies  arc  decidedly  against  its  meteoric  origin. 

Pbotogrnphic  Notes.  In  Monthly  Notices  for  Decemljer,  Mr.  W.  E.  Wil- 
son suggests  a  method  of  recording  the  transits  of  stars  by  photography. 
He  writes,  '*  If  a  sensitive  photographic  plate  is  placed  in  the  focus  of  a 
transit  instrument  clt>se  Ix'hind  the  wires,  and  the  image  of  a  star  of  suit- 
able magnitude  allowed  to  transit  across  it,  the  result  is  a  straight  black 
line  on  developing  the  plate.  If  instead  of  having  the  plate  fixed,  we  have 
it  so  arranged  that  it  can  be  given  a  small  up  and  clown  motion  each 
sect)nd.tlie  result  on  the  plate  is  a  broken  line,  the  breaks  in  which  are  equal 
to  seconds  of  time.  The  motion  is  given  to  the  plate  by  an  electro-magnet 
driven  by  a  current  sent  by  the  observatory  clock.  During  Or  after  the 
transit  a  light  from  a  small  electric  lamp  is  allowed  to  fall  through  the 
object-glass  on  the  plate  for  a  few  seconds.  This  gives  an  impression  of  the 
wires  sui)erposed  on  the  star  transit.  AYith  a  rough  ai)paratus  1  find  the 
time  of  transit  can  be  recorded  to  Vi  second,  and  I  IkHcvc  with  some  care 
the  time  could  be  taken  to  a  very  small  fraction  of  a  second." 

Professor  Holden  makes  the  following  statement  in  regard  to  stellar 
])hotograi)hy.  "It  is  possible  to  get  excellent  definition  with  a  ])ortrait 
lens  over  an  area  of  25  scpiarc  degrees,  and  at  least  tolerable  definiti«»n  can 
be  ol)tained  over  100  scjuare  degrees.  If  the  lens  is  of  6  or  8  inches  ajx'rture 
stars  of  the  12th,  13tli,  or  even  14-th  magnitude  can  Ix?  registered  without 
going  to  excessively  long  exposures." 

The  Photogrnphic  Times  of  January  31  ])iiblishes  the  following  in  re- 
gard to  Mr.  lUimham's  work  during  the  eclipse  of  last  December.  "Pro- 
fessor S.  \Y.  Bumham  arrived  in  New  York  from  his  southern  exix^dition  to 
observe  and  jihotograph  the  eclipse,  Wednesday  night,' January  22d.  ♦  *  ♦ 
Of  the  twelve  exposures  made  during  the  eclipse,  twelve  good  negatives 
have  l)een  secured.  Professor  Bumham  made  also  a  large  collection  of 
negatives  of  the  characteristic  life  and  scenery  in  Cayenne,  as  well  as  on 
manv  islands  of  the  West  Indies." 


Anuario  del  Observatorio  Astronomico  National  de  Tuycuba^'o  for  the 
year  1 890  has  been  received.  It  is  the  10th  annual  of  the  national  Observa- 
tory of  Mexico,  but  Ix^ing  in  Spanish  we  can  not  say  much  about  its  con- 
tents. 
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NEWS  AND  NOTES. 


Three  important  articles  are  necessarily  set  over  this  raooth,  because  of 
Dnexpected  delay  in  procuring  needful  cuts  to  illustrate  them.  Our  en- 
graver has  met  with  serious  loss  by  fire. 


Our  readers  will  be  interested  in  the  notes  from  Lick  Observatory  this 
month,  because  of  the  discoveries  announced.    Dr.  Wilson's  article  on  Lex- 
eii's  comet  adds  other  features  to  its  study  that  will  attract  the  attention 
of  American  astronomers. 


Pioneer  Time  Strvice  by  Observatories.  Astronomers  and  time  keepers 
in  Ot>ser\'atories  will  find  interesting  reading  in  a  late  number  of  The  Jewel- 
ler*s  Circular  and  Horological  Review  (pp.  82-88),  in  an  article  by  Lieut. 
Hier-o  Taylor,  U.  S.  Nav^'  (in  charge  of  the  Government  Time  Service),  un- 
der -the  title  of  "U.  S.  Government  system  of  ObservatorN-  time."  We  will 
notice  one  point  only.  Speaking  of  the  history  of  the  time  service  in  this 
country'  it  is  said :  "The  Naval  Observatory' was  the  pioneer  in  the  distribu- 
tion of  time.  Other  Observatories  have  since  made  it  a  part  of  their  work, 
and  have  given,  so  far  as  is  known,  satisfaction  to  the  localities  of  which 
they  are  time  centers.  In  a  number  of  cases  they  make  use  of  the  system 
which  has  been  adopted  by  the  Naval  Observatory,  etc."  These  statements 
are  very  ei;iioneous  and  misleading.   By  what  authority  are  they  published  ? 


Statistics  on  Observatory  Time  Service.    A  few  weeks  ago,  a  circular 
letter  asking  for  facts  pertaining  to  time  service  was  addressed  to  all,  or 
nearly  all,  of  the  Observatories  in  the  United    States.    The  Diiector,s   of 
twetity-one  Observatories  have  already  responded  giving  the  desired  infor- 
niation  from  all  sources  that  are  especially  concerned  in  the  present  discus- 
sion of  Observatory  local  patronage.    It  is  our  belief  that  it  is  now  time  to  . 
go  straight  forward  in  the  speedy  settlement  of  this  question  on  its  merits 
at  any  cost. 


Observatory  Local  Patronage.  We  have  received  a  number  of  interest- 
*ng  statements  from  those  in  charge  of  Observatories  dei>ending  more  or 
less  on  their  local  patronage,  which  plainly  show  how  they  are  being  af- 
fected by  the  tri-partite  arrangement  between  the  U.-S.  Naval  Observatory, 
the  Self- Winding  Clock  Company,  and  the  Western  Union  Telegraph  Com- 
pany.   For  want  of  space  we  now  give  but  two  instances : 

Professor  G.  W.  Hough  says:  "The  Dearborn  Observatory  main- 
tained a  time-service  in  Chicago  for  many  years,  receiving  therefrom  a  con- 
siderable annual  revenue.  Two  years  ago,  the  Western  Union  Telegraph 
Company  so  interfered  with  the  Observatory  service  as  to  practically  de- 
stroy all  revenue.  During  the  past  year  the  service  i«  entirely  discon- 
tinued." 

From  a  full  and  concise  statement  of  Assistant  F.  W.  Very,  of  Alle- 
gheny Observatory,  we  extract  a  few  sentences,  as  follows:    " The  value  of 
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the  astronomical  instruments  employed  almost  exclusivelj'  in  time  Observa- 
tions may  be  put  down  as  $7,500."  **  The  compensation  (for  time-service 
has)  Ijeen,  and  is  now  more  than  ever,  the  main  support  of  the  Observa- 
tory, which,  without  it,  would  probably  be  obliged  to  discontinue  its 
work  of  original  research." 


Rotation  Period  o/'Jupiter's  Red  Spot.  I  obtained  m\'  last  observation 
of  Jupiter,  lor  this  season,  on  the  afternoon  of  November  26,  when,  however, 
the  sceinjj  was  far  from  good.  Low  altitude  of  the  planet  and  air  undula- 
tions affected  the  distinctness  of  the  view,  but  the  red  s|X)t  was  seen  to  be 
central  at  about  3^*  54-'".  Comparing  this  with  my  first  observation  this 
year  on  May  21  at  12''  31"  I  find  the  mean  rotation  period  9^  55"'  4<P.l5 
during  the  interval  of  188. 64  da^'S.  This  corresponds  very  nearly  with  the 
period  derived  from  observations  here  in  1888,  which  gave  9**  55™  40'. 2  and 
proves  that  the  velocit\'  of  the  spot  has  remained  at  a  pretty  uniform  rate 
during  the  last  two  years.  The  same  remark  applies  to  1887  when  I  found 
the  rate  1)^  55"'  40".5. 

Some  of  the  white  equatorial  spots  are  still  visible  but  definition  has 
been  rarely  good  enough  to  afford  satisfactory^  views  of  these  and  other  de- 
tails. The  large  double  belt  N.  of  the  equator  has  shown  some  curious 
bright  spots  and  in-cgularities.  The  latter  apjxrars  to  rotate  in  a  i>eriod 
very  slighth'  less  than  that  of  the  red  spot  though  somewhat  similar  mark- 
ings just  S.  of  the  equator  move  much  quicker.  For  the  latter  I  found  a 
j^eriod  of  9**  50"'  6"  in  the  autumn  of  1880,  but  subsequent  observations 
proved  these  spots  to  be  slackening  in  speed.  In  1887  Mr.  A.  Stanley  Will- 
iams observed  many  of  them  and  derived  a  mean  period  of  9**  50*"  22* A. 

I  have  seen  a  drawing  of  Jupiter  made  on  September  5  last,  by  Mr. 
Keelcr  with  the  great  Lick  refractor,  power  315.  This  drawing  is  certainly 
the  l>est  and  the  most  replete  with  detail,  of  anj-  I  have  ever  seen  of  this 
planet.  It  furnishes  ample  proof  of  the  defining  properties  of  the  36-inch 
lens  and  encourages  the  hope  that  much  useful  work  will  be  done  on  the 
planets  with  this  noble  instrument.  w.  F.  denning. 

Bristol,  December  14,  1889. 


Ptofessor  W.  Upton,  of  Brown  University,  Providence,  R.  I.,  is  to  have 
a  new  12-inch  equatorial.  We  are  informed  that  Mr.  George  A.  SaegmuUer, 
Washington,  D.  C,  has  the  contract  for  it.  With  Professor  Howe's  20- 
inch  telescope  and  a  number  of  other  smaller  orders  on  hand,  Mr.  Saegmul- 
ler  finds  his  shop  room  too  small,  and  is  therefore  adding  a  new  building  for 
increased  facilities. 


Mr.  William  Ireland,  San  Francisco,  California,  recently  sent  us  two 
beautiful  positives  of  the  total  solar  eclipse  of  January  1,  1889,  photo- 
graphed by  himself  at  Norman.  The  negative  from  which  they  were  made 
was  a  Carbutt  No.  27  plate  exposed  ten  seconds.  The  lens  was  a  large 
portrait  objective  No.  7206,  Willard  &  Co.,  N.  Y.,  with  5%  inches  aperture, 
stopped  down  to  3%  inches,  with  back  focus  about  20  inches. 

Both  positives  are  from  the  same  negative,  and  are  developed  so  that 
one  shows  the  inner  corona  to  the  best  advantage,  and  the  other  the  outer 
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streamers.  This  portrait  lens  has  since  been  purchased  by  the  Lick  Observ- 
atory and  was  taken  to  Cayenne,  South  America,  by  the  Lick  observers  for 
me  in  photographing  the  eclipse  of  Dec.  22.  As  Mr.  Ireland  suggests  it 
may  be  interesting  to  compare  the  negatives  by  this  instrument  made  at 
both  eclipses. 


Observations  of  Meteors  on  Nov,  26  and  27,  1889.  I  arranged  with 
five  other  observers  in  different  parts  of  England  to  maintain  a  watch  for 
meteors  on  these  dates  in  the  hope  of  seeing  a  few  of  the  Andromedes 
should  any  be  visible.  The  weather  fortunately'  pro\^d  clear,  though  bright 
moonlight  offered  some  impediment  to  the  observations.  A  number  of 
meteors  were  recorded  by  the  various  observers  and  the  paths  were  re-pro- 
jected and  discussed  by  Professor  A.  S.  Herschcl  who  found  that  very  few,  if 
any,  belonged  to  the  display  from  Biela's  comet.  Some  earl^*-  members  of 
the  GcmJnid  shower  were  observed  from  the  point  90°+28°  and  there  was 
a  pretty  condensed  radiant  in  Eridanus  at  57°-^9°.  A  few  of  the  meteors 
«en  appear  to  have  been  Taurids  and  there  was  scattered  radiation  from 
about  the  point  37°+33°.  The  latter  may  have  included  a  few  of  the 
Andromedes  and  a  few  meteors  from  a  shower  previoush'  seen  by  me  on 
Nov.  30,  Dec.  7, 1885,  at  31°+37°  near  fi  Trianguli.  As  to  the  disi)lay  of 
l^nids  nothing  was  seen  of  it  this  j'car  in  England  owing  to  cloudy 
weather.  w.  f.  denning. 

Bristol,  Decemljer  14, 1889. 


The  Constant  of  Gravity,  Proposition.  The  space  through  which  a 
body  near  the  surface  of  the  earth,  in  vacuo,  at  mefln  latitude,  descends  by 
'virtneofthe  ascending  force  of  gravity  is  very  precisely'  eijual  to  2,500  geo- 
metric inches  =  100  polar  cubits  =  the  side  of  a  square  geometric  ^rc  in 
Xlj'f^ofan  hour;  thus: 


Time  In 
«onsaiidthn 
of  an  hour. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Acquired 
velocity. 
Cubit*. 


200 

4.00 

600 

800 

1000 

1200 

1400 

1600 

1800 

2000 


Sqaare 

of 

the  time. 


1 

4 

9 

16 

25 

36 

49 

64 

81 

100 


Total 
Descent. 
CabitH. 


100 

400 

900 

1600 

2500 

3600 

4900 

6400 

8100 

10000 


Difference 

of 
sqaareH. 


1 

3 

5 

7 

9 

11 

13 

15 

17 

19 


Descent 
In  separate  In- 
tervale of 
time. 

CiibltH. 

100 

300 

500 

700 

900 

1100 

1300 

1500 

1700 

1900 


Cubits.  Acre  sides. 

So  that  in  ^^^^^  of  an  hour,  total  descent  =  1  =  y^ 

"   T^    "  -        "        -  -        =  100  =         1 

"    ^      •*   "        "        »•  •*        —     10000  =    100 

^Jidso  on,  in  strict  decimal  relation  with  the  hour-arc  and  the  half-polar 
^  of  the  earth.  i.  m.  c. 
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Death  nf  Proftssor  C.  S.  Lyman.  We  are  ]Juitie(l  to  learn  of  the  ilnih 
(if  Professor  Chester  Smith  Lyman,  one  of  the  oldest  of  the  professori  "f 
Yale  University,  which  occurred  Jan.  2B,  1890,  at  his  rcKidcnw  in  St* 
Huvtn.  He  was  bom  in  Manchester.  Conn.,  Jan.  13.  1814;  mtcrtd  Vak 
college  1833;  graduated  in  1837;  sapcrinlcndcJ  the  Htlingt'in  Mboul  hn 
two  years',  entered  L'nion  Tlieologicni  Seminary,  New  York,  ill  1S39:  iMt 
ill  the  thcologicQl  department  of  Yale  College  in  ISW;  afterwards  partot 
nt  New  Britain,  Conn.;  health  failing,  made  n  voyngc  to  the  Sandwich  1«- 
londs.  and  was  at  Honolulu  in  IS+G.  There  he  taught  tlw  Royal  school 
with  Queen  Emma  as  a  student,  who,  when  in  this  toimtry  Inter,  vitil^ 
New  Haven  to  see  her  old  teacher.  In  18.^7  he  was  in  CitHforniti ;  in  t&iH 
vidled  the  first  scene  of  the  gold  dlncoverj-  at  Sutter's  mill- 
In  1S50  he  cnme  tu  New  Hawn,  and  pursued  Si'ientiflc  studies  and 
aided  in  revising  Webster's  Dictionary;  in  18,'iT,  he  was  appointed  Pruliw- 
sor  of  Astronomy  and  Physics  in  the  Schefficid  school ;  in  IXTl .  he  con- 
structed un  apparatus  for  ricscribiiig  acoustic  curves  and  made  imiinivi- 
ments  in  clock  escapenients,  compensating  {lendulums  and  other  appnratiu. 
He  WAS  the  first  to  oliserve  the  luminous  ring  about  the  planet  Venus  wbra 
nt  inlcrior  conjunction.  After  1839  he  was  a  numl>er  of  j'cara  prestdcnt 
of  the  Connecticut  Academy  of  Science,  imd  in  187(1  he  wns  elected  hnnoraiy 
member  of  the  British  Asxiicintion  for  the  odrniieenient  of  sciciiee.  Pro- 
fesHor  Lymnn  relniiicd  liis  x>osition  in  the  chnir  o1'  Astronomj'  nnd  Phyuoi 
in  the  Vole  Scientific  School  until  the  time  of  his  death,  although  on  ac- 
Hiunt  ofill  health  he  WAS  long  uniible  to  perform  iu  full  duties. 


I'afc  L'aivtrsity  Obaecvalory.  Part  11  of  Vol.  I  of  the  Trnnsnclions  of 
the  Astronomical  Observatory  of  Yale  University  is  an  interestjni;  [laiicr 
prcparift  by  Asaph  Hall,  Jr.,  Assistant  Astmoomer  in  the  Obsenratoty. 
The  subject  of  llic  paper  is  the  determination  of  the  orlrit  ofTitan  mid  the 
mass  ol'  Saturn.  The  instrument  used  was  the  Hctiometer.  The  renson 
for  rC'determiiiing  the  orbit  of  Titan  was  the  diffitrence  of  result,  for  tb« 
mass  of  Saturn,  obtained  by  Hessel  with  the  Konigsbcrg  Ileliomctcr,  by 
observing  Titan,  and  that  of  Professor  Hall  with  the  large  W«shingt(w 
refractor  from  observations  by  Titan  and  Jnpetus.  The  reciprocal  of  the 
mass  of  Saturn's  system  found  by  Professor  Hall  from  Japctiu,  hjr  ineaim.i>f 
diflercnccs  of  right  ascension  and  declination,  was  3481.2,  nnd  by  distance* 
and  position-angles  3481.4;  from  Titan,  the  rnlues  corrcspunding  to  tbe 
same  methods  were  3493.3,  and  3469.9.  The  value  found,  as  sbown  in 
this  paper,  is  3500.S  ±  1.44, and  the  writer  thinks  thereis  ground  for  ques- 
tioning the  results  obtained  from  observations  by  the  large  refrnct<M  at 
Washington.  The  mass  obtained  for  Saturn  as  given  by  Chambers'  Hatiil- 
book  (last  edition)  by  diRcrenl  authorities  is  interesting  for  c<im[wriaoM. 
Newton.  3021 :  Laplace,  3359 ;  Bouvard,  3312 ;  Bessel,  3500.5 ;  Jacob,  for 
the  Satuminn  system,  3475.  and  A.  Hall,  3478.  We  do  not  knoir  from 
what  source  this  last  value  is  taken,  as  the  above  paper  does  not  mentiuii 
it.  We  also  notice  that  the  value  for  Saturn's  mass,  na  given  in  Vuimg'* 
General  Astronomy,  is  3490.  The  Yale  value  of  the  miissorSntum'6»y««n 
is  seen  to  be  most  nearly  in  accord  with  Bcsael's  given  above,  and  Stravc's, 
which  is  asu0.2byjapctus,  and  3495.7  by  Titan. 
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£rratum.    In  the  Sidereal  Messenger  for  February,  page  82,  the  masses 
of  t  lie  components  of /^  A urigae  are  given  as  0.1  or  0.2,  owing  to  error  in 
writing  out  the  results  of  the  computation,  which  showed,  in  fact,  that  the 
5u  n^E  of  the  masses  should  be  2.3 . 
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Et—  x^siEXTS  OF  Differential  asd  Integral  Calcilis  with  Nr.MER<)rs 
Examples.  Bv  T.  A.  Smith.  Professor  of  Mathematics  and  Phvsics  in 
Beloit  CoUege/Beloit,  Wis.  1889,  pp.  1  tO. 

This  new  book  presents  a  brief  course  in  the  Calcidus,  prepared  on  a 

pl  iEza^:^!  to  enable  a  student  to  acquire  a  working  knowledge  of  the  elements  of 

"tla^^s-    subject,  in  as  brief  a  time  as  possible.    It  does  not  claim  to  be  original. 

«3c  <zr^t  in  its  condensed  form,  and  in  the  range  of  its  applications. 

The  range  of  subjects  which  this  sm-iU  book  presents  is  about  that 

"^"*-^  Tid  in  elemental  works  on  the  same  subject  having  three  or  four  times  its 

®*-*^^2.    It  seems  to  us  that  the  different  subjects  are  too  much  condensed  for 

^^'^■■■s-  beginner  to  make  much  headway  without  large  help  from  a  teacher,  in 

^'■"^'^e^  waj'  of  additional  explanation.   The  matter  is  good,  but  has  the  author 

^  *"  "^.  room  by  its  gradation  and  arrangement  for  the  student  to  work  inde- 

P^^  "^idcntly  enough  for  his  own  l>est  and  most  rapid  advancement  ?    Give  the 

Ting  mind  a  clear  and  firm  grasp  of  principle,  and  then  try  its  powers  in 

Tied  applitation  severely;  make  the  stulent  tired,  judiciously,  in  doing 

rd  things  which  the  teacher  knows  he  has  mastered  before  he  leaves  him, 

secure  growth  and  strength  of  mind.   We  are  sorry  to  see  so  poor  and  in- 

a  sample  of  printing.    We  hoi)e  the  author  will  not  leave  the  work 

^^^  it  now  appears,  but  raise  it  to  a  standard  of  excellence  easily  within  his 

^^^^iKty  to  do,  as  compared  with  other  late  works  on  the  same  subject. 


9(  Elementary  Treatise  upon  the  Method  of  Least  Stiuares,  with 
Numerical  Examples  on  its  applications.  By  George  C.  Comstock, 
Professor  of  Astronomy  in  the  University  of  Wisconsin  and  Director  of 
the  Washburn  Ol>servatory.  Boston,  Messrs.  Ginn  &  Companj',  1890, 
pp.  68. 

In  this  work,  the  reader  is  given  a  new  method  of  treating  the  subject 
i  Least  Squares.    It  was  develofied  by  the  author  in  his  attempts  to  so 
nt  the  subject  to  students  of  physics,  astronomy  and  engineering  that 
working  knowledge,  based  upon  an  appreciation  of  its  principles,  might 
acquired  with  a  moderate  outlay  of  time  and  labor.    Wc  think  the 
'^^nthor  properly  claims  that  the  ultimate  warrant  for  the  legitimacy  of  his 
"^nethod  is  to  be  found  in  the  [agreement  Ix-tween  the  observed  distribution 
^>f  residuals  and  the  distribution  represented  by  the  error  curve.    For  other 
'important  reasons  the  analytical  demonstrations  of  the  e(]uatioii  of  this 
"^ainre  are  abandoned,  and  it  is  presented  as  an  empirical  formula  reprc- 
venttng  the  generalized  experience  of  observers.    The  discussion  of  these 
Tcasons  would  lead  away  from  the  object  of  this  notice.    It  ma\-  be  suffi- 
cient to  saj,  that  the  difficulties  which  the  analytical  demonstration  pre- 
sent to  the  attention  of  students  generally  prove  sufficient  to  absorb  their 
whole  att^tion,  and  cause  them  to  lose  sight  of  the  ])urpose  for  which  the 
analysis  is  conducted. 
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Tile  author  begins  liis  work  with  a  simple  example  cottsistin):  uf  fon^ 
observation 9  only,  from  which  olisei-vation  eijualioiis  are  rormeil.  witS" 
suggestions  indicating  liow  other  simitar  ones  might  be  made.  In  thia 
way  he  derives  two  important  jirinciplw; 

I.  That  the  adopter!  values  of  the  quantities  which  a 
mined  mnst  be  based  ujKin  all  the  data  available,     2.  The  ndopted  vaIm 
most  satisfy  the  observation  eijuations  as  nearly  as  possible.    Then  folloi 
the  eonsideratioTi  of  the  lollowinK  topics:    Errors  and  Kesidusls.  The  T 
tribution  of  Kesiilunts,  The  Errur  Curve.  The  (irindples  of  Least  Sqnnrc*— 
Weights,  Norma]  Eijuations,  Forming  and  Snlutiou  of  .'■inntial  Bqnatli 
Numerical  Examples.  Probable  Error  of  a  Function  of  ObBervetl  Bqui 
Assignment  of  Weights,  Rejection  of  Observations,  Einpirieal  oi 
tioii  Formula,  Approximate  Solutions  and  Index  to  Formulip. 

This  is  a  carefully  prepared  work,  and,  in  our  judgment,  it  presenti 
subject  of  Least  Sijuarcs  in  the  simplest  and  most  direct  way  to  mttt  f 
wants  of  nine-tenths  of  those  desiring  lo  acquire  a  knowledge  oftts  priim  — < 
dpks  for  prnctical  uses.    Thcjse  who  would  master  the  tlieoreticnl  a" " 
the  theme  will  find  in  a  numlier  of  accessible  treatises  iihiiadant  r 
vigorous  mental  exercise.    The  neat  typography  of  this  book  is  «  ci 
till  vrho  have  had  to  do  with  its  mechanical  linitih. 


Sqnnrc*-- 
qnadodMI 


Nkw   Plane   and  Souo   GKOUBTRr.    Revised    Edition.    By    (J. 
worth,  A.  M.,  Professor  of  Mathematics  in  fliilhjjs  Eiicter  An 
Boston.  Messrs.  Ginn  &  Company.  Publishers.  1880.  pp.  4af. 

The  first  edition  of  VVentworth's  Georaetty  was  published  aboiH 
teen  yeors  .ngo.  Since  that  time,  the  bocik  has  been  in  such  favor  that| 
editions  have  been  i)rintcd  every  year,  aiul  the  increflsing  deniand  P 
book  has  recently  brought  out  a  new  edition,  the  copy  of  wliicb  hM 
wholly  rewritten.  Several  points  of  a  minor  kind  appear,  hnr  and  tJ 
throughout  the  book,  suggested  by  the  experience  of  snme  of  the  licst 
teachers  of  Geometry  in  this  country.  The  addition  of  700  exctciscs  to  this 
eililion  is  a  feature  that  the  instructor  will  quickly  notice.  This  is  An  C^' 
irellent  h(>ak  for  the  dass-room. 

A  CoLi.ERE  Aloeuba.    By  J.  M.  Taylor,  A.  M.,  Professor  of  Mntli  _ 

in  Madison  University. Boston:  Messrs.  Ally  &  Bacon  Publishers,] 

pp,  ai7,     lotrodnctory  PriccSl-50. 

This  book  on  Algebra  is  divided  into  two  purts,  the  first  connstfl 
eleven  chapters  covering  131  pages,  and  enibracing  about  the  I 
Amount  of  Algebra  to  enter  College.  The  second  part  is  prcwated  i 
chapters  liaving  the  following  titles:  Functions  and  Theory  nf  L~ 
Diflerentialion,  Development  of  Functions  in  Scries,  Convergency  audi 
mntion  of  Series,  Logarithms,  Compound  Interest  and  Aniittities,  Fee^ 
tions  and  Combinations,  Probnbihtv,  Continued  Prnctions  and  T^' 
Equations. 

[t  will  be  observed  at  a  glance  that  the  second  unrt  of  thii  t 
treats  manv  of  the  above  subjects  by  titc  later  and  by  tar  the  best  tncll 
nnd  many  mstructors  deddedl  v  preler  the  niethod*  of  limits,  m>^*"^ 
that  of  infinitesimals,  as  a  mode  of  explaining  the  Fundamental  O 
of  this  delightful  analysis.    Although  we  do  not,  we  are  glad  to 
gebra  that  gives  the  next  best  thing,  for  there  are  so  niany  late  \ta 
this  branch  that  hold  to  old  methods  that  we  sinccrdy  wonder  if  \h 
ever  lie  entirely  given  up.    This  booh  is  commended  to  the  att 
teachers. 


{ 
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THE   U.  8.  N.  ECLIPSE  EXPEDITION  TO  WEST  AFRICA. 


FRANK    H.    BIGELOW. 
^or  TiiR  Mbssbnubb. 


I  am  enabled,  by  the  courtesy  of  Professor  Todd,  Director 
f  this  expedition,  to  give  your  readers  a  verN'  brief  sketch  of 
'the  progress  of  events  up  to  this  date. 

We  sailed  from  New  York  on  the  morning  of  October  16th, 
in  the  U.  S.  S.  Pensacola,  Captain  Arthur  Yates  command- 
ing, hoping  to  arrive  at  St.  Paul  de  Loanda  by  the  5th  of 
Itecember.  It  was  necessary"  to  take  fresh  supplies  of  coal  at 
Horta  in  Fayal  Island,  at  Porta  Grande  in  San  Vincent,  at 
Free  Town,  Sierra  Leone,  and  at  Elminah  on  the  Gold 
Coast,  but  we  cast  anchor  before  St.  Paul  on  the  evening  of 
December  6th.  A  brief  inquiry  confirmed  our  supposition 
that  Cape  Ledo  would  be  our  proper  eclipse  station,  as  it 
was  found  that  the  railroad  was  incomplete  into  the  interior 
of  Loanda,  that  the  Onanza  river  steamer  had  sailed  two 
daj's  before  our  arrival,  besides  which  it  would  have  been 
impracticable  for  us  to  handle  our  large  supply  of  material 
apart  from  the  assistance  of  the  Pensacola.  It  should  be 
stated  frankly  that  the  expedition  is  greatly  indebted  to  the 
kindness  of  Captain  Yates  and  all  his  officers  for  continuous 
and  most  efficient  assistance  in  making  our  necessary  prep- 
arations for  the  eclipse,  which  were  incomplete  by  reason  of 
the  short  time  given  us  by  the  Government  orders  in  which 
to  make  ready.  The  same  good  will  and  help  remained 
with  as  as  long  as  anything  was  needed  to  further  the  suc- 
cess of  the  expedition. 

Cafie  Ledo  has  proved  to  be  an  excellent  position,  free  from 
tmhealthfttl  influences  and  in  fact  wholly  salubrious,  as  is 
seen  by  the  circumstance  that  in  eighteen  days  not  a  single 
person  in  the  party  and  ship's  company,  numbering  in  all 
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about  430,  has  been  ill  in  consequence  of  the  effects  of  the 
climate.  This  shows  that  there  are  some  healthy  spots  on 
the  west  coast  of  Africa.  The  camp  was  situated  about  150 
yards  from  the  beach  at  the  foot  of  two  spurs  of  a  bluff»  as- 
cending from  east  towards  the  west  to  an  altitude  of  100 
feet.  It  included  a  large  Ducker  portable  house  for  the  polar 
axis,  another  for  the  40-foot  direct  photoheliograph,  two 
more  for  camp  and  storage  houses,  a  Navy  T.  V.  Transit 
house,  and  six  tents  for  ten  marines  who  acted  as  guard  day 
and  night.  It  may  be  mentioned  that  the  natives  visited  us 
freely  and  appeared  to  be  innocent  and  inoffensive  people. 
The  programme  of  work  was  that  our  headquarters  were 
on  ship  board,  whence  large  working  parties  were  sent 
ashore  as  needed,  the  material  and  instruments  landed  as  re- 
quired, and  in  short  the  resources  of  the  Pensacola  were 
freely  turned  to  our  advantage  by  the  courtesy  of  Cap- 
tain Yates.  The  heavy  work  of  constructing  the  piers  and 
mounting  the  instruments  was  done  in  a  few  days,  the  prep- 
aration of  the  dark  rooms  and  adjusting  of  the  pieces  of  ap- 
paratus continued  steadih'  till  the  beginning  of  the  eclipse. 

The  apparatus  was  concentrated  in  two  houses,  one  under 
the  personal  supervision  of  Professor  Todd,  the  other  being 
intrusted  to  Professor  Bigelow.  No  attempt  will  be  made 
to  describe  the  instruments  now,  but  it  mav  be  stated  that 
Professor  Todd  had  arranged  on  his  large  polar  axis  as 
many  as  twenty-four  object  glasses,  including  cameras  of  all 
descriptions,  photographic,  catoptric  and  dioptric  telescopes, 
four  spectroscopes  and  an  actinic  duplex  telescope.  These 
were  all  fitted  up  with  pneumatic  apparatus  for  moving  the 
objective  covers  and  changing  the  plates  at  the  pre-arranged 
instants  of  exposure,  one  end  of  eacli  telescope  being  within 
the  dark  room,  having  one  side  constructed  of  flexible  ma- 
terial to  permit  following  the  diurnal  motion  of  the  sun. 
The  performance  of  the  polar  axis,  the  Denver  clock,  and  the 
new  pneumatic  system  was  eminently  satisfactory.  It 
shows  that  hundreds  of  exiK>snres  can  be  made  at  one  sta- 
tion during  the  instants  of  totality  with  the  s;ime  readiness 
that  an  o|>erator  has  been  acvmstonuxl  tv>  secure  a  score, 
and  there  is  no  reason  why  observers  should  not  avail  them- 
selves of  this  method  in  the  ftuunr.  The  ti^rty-tbot  direct 
photoheliograph  consisted  of  the  Tnutsit  v>f  Venus  Nagasaki 
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lens,  motinted  in  a  steel  spiral  weld  tube  which  was  support- 
ed like  a  tripod  one  leg  being  converted  into  a  clock  by  a 
larjge  sand  piston  and  cone.  In  the  dark  room  was  a  revolv- 
ing disk-reticle,  with  circular  plates  for  ten  exposures,  con- 
trolled by  an  electric  dial  and  an  electric  valve  which  sup- 
plied compressed  air  to  a  piston.  In  steadiness,  ease  of  con- 
trol and  geneneral  effectiveness  the  instrument  is  a  great  suc- 
cess, and  the  simplicity  of  its  mounting  commends  it 
strongly  to  field  astronomers. 

About  110  pictures  were  secured  in  the  clear  intervals  be- 
tiween  the  clouds,  for  the  most  part  near  the  1st  and  4th 
contacts,  though  thirty  were  taken  about  midway  between 
Xst  and  2d  contacts.    Totality  was  a  complete  failure,  by 
reason  of  heavy  clouds  which  formed  over  the  face  of  the 
stm  as  its  light  was  gradually  diminished  after  1st  contact, 
"the  sky  being  perfectly  blue  in  several  regions  near  the  ho- 
rizon, notably  in  the  southeast.    The  Pensacola,  by  steam- 
ing out  to  sea  about  fifteen  miles,  saw  the  corona  in  a  par- 
tial way  and  obtained  a  fair  observation  of  the  2d  and  3d 
contact  instants.    This  mishap  is  the  more  aggravating  as 
the  Wednesday,  Thursday  and  Friday  preceding  were  mag- 
nificent days,  Saturday  only  partially  cloudy  in  the  after- 
noon, and  the  following  Monday  and  Tuesday  fine  once 
more.    Bv  common  consent  it  is  thought  that  the  climate 
and  meteorological  conditions  at  this  station  are  unusually 
favorable  to  such  a  purpose  as  our  own  in  the  month  of  De- 
cember, and  there  are  no  regrets  that  we  had  not  chosen 
some  other  position.     An  English  party  under  Mr.  Alber 
Taj'lor,  of  London,  was  located  about  an  eighth  of  a  mile 
to  the  east  of  us,  but  no  other  expeditions  were  sent  to  the 
Afiican  coast  for  observations.* 

The  other  work  of  the  Expedition  includes  the  operations 
in  Meteorology,  Natural  History,  Anthropology,  also  Mag- 
netic and  Gravitation  observations,  the  latter  of  which  will 
be  prosecuted  at  Cape  Town,  St.  Helena,  and  Ascension  Is- 
land. 
It  is  only  fair  to  say  that  the  Expedition  is  enjoying  its 


*  Mr.  Tajlortaad  moanted  a  20-inch  reflector  of  22  inches  focnl  lenf^th,  and  the 
«Mncta  Dalhnejrer  that  has  tcrved  in  earlier  eclipse  expeditions,  and  he  likewise  met 
^rith  a  total  failure  to  make  any  observations.  It  is  reported  that  the  corona  was 
2«cn  on  the  riyer  Qnanxa,  some  ciKhty  miles  from  the  ocean,  but  nothing  more  is 
^nowa  atwnt  it. 
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visit  to  Africa  and  profiting  by  the  novel  and  important  i 
periences  through  which  it  js  passing. 
Cape  Ledo,  West  Africa.  Dec.  28. 1889. 


THE  OCCULTATION  OF  JUPITER,  SEPT.  3.  1 


WILLIAM    H.   PICKERIN 


This  occultation  was  observed  at  Wilson's  Peak  with  the 
13-inch    telescope,    and   eight    photographs    were    secured. 
They  were  taken  with  the  enlarging  apparatus,  on  a  scale  of 
15"  =  1""",  and   with  an  exposure  of  three  seconds  ci 
The  first  and  second  contacts  occurred  in  the  day  time 
so  couUi  not  be  observed.    The  third  and  fourth  occui 
about  ten  minutes  after  sunset.    This  caused  the  uegati' 
to  be  somewhat  fogged  by  the  light  of  the  sky.  so  that  directs 
measures  were  impossible.    They  were  accordingly  enlarged 
to  a  scale  of  about  3"  =  1""",  and  measurements  made  fronm 
the  enlargements.    All  the  negatives  taken  immediately  aftt«~ 
the  occultation  show  the  limb  of  Jupiter  next  the  moon  tc^ 
be  decidedly  darkened.     This  is  conspicuous  and  could  uo^^ 
escape  notice.    The  same  limb  is  also  darkened  on  other  neg"  — 
atives  taken  on  previous  and  succeeding  days,   and   is  un.  — 
doubtedlydueto  the  phase.    In  the  photographs  taken  w 
about  half  of  the  disc  was  obscured  there  is  no  shade  i>er" 
ceptible  upon  the  face  of  the  planet  other  than  the  belts. 

Two  photographs  were  obtained  immediately  after  th* 
fourth  contact,  when  the  following  limb  of  Jupiter  was  nr 
spectivcly  1".74  and  8".,'30  from  the  limb  of  the  moon.  Font 
photographs  were  taken  later  when  the  distance  wosfhur: 
85"  to  105".  The  line  joining  the  centers  of  Jupiter  and  th« 
moon  was  inclined  very  nearly  45"  to  the  meridian,  so  thai 
the  two  diameters  of  Jupiter  measured  radially  and  tan] 
tially  to  the  moon  may  be  compared  directly,  without 
ibie  correction  for  ellipticity  of  the  disc. 

Unfortunately  the  telescope  was  not  pointed  so  as  tobrinj 
Jupiter  in  the  center  of  the  plate.  With  the  enlarging  appa- 
ratus this  introduces  a  considerable  distortion;  but  as  Jopi- 
ter  always  occupied  the  same  position  upon  the  plate,  it  '' 

•  HarvBrd  Collwe 
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presumed  that  the  distortion  was  the  same  in  all  cases. 
Four  measures  of  each  of  the  two  diameters  were  made 
upon  each  of  the  six  photographs.    The  different  measures  of 
the  same  distance  were  made  at  different  times,  and  in  no 
case  consecutively.    The  average  deviation  of  a  single  meas- 
nrein  a  series  made  upon  the  same  plate  is  0".24.    Compar- 
ing the  four  plates  where  Jupiter  is  remote  from  the  moon, 
the  average  deviation  of  the  mean  difference  of  the  two  di- 
ameters on  each  plate  from  the  mean  difference  of  the  four  is 
0".35.    The  mean  difference  between  the  two  diameters  as 
measured  on  these  four  plates  is  1''.85.    Assuming  the  dis- 
tortion the  same,  and  that  this  correction  applies  to  all  six 
plates,  we  find  the  excess  of  the  radial  over  the  tangential 
<Kameter  in  the  six  plates  amounts  respectively  to  —  0".75, 
-"0".54,  +0".32,  +0".24,  —  0''.69,  +0'M2.    As  the  meas- 
01%  of  the  fifth  plate  gave  a  result  which  was  unexpectedly 
^all,  it  was  re-measured.    Using  this  second  series  of  meas- 
^OTcs  the  correction  for  distortion  becomes  2''.06,  and  gives 
for  the  six  plates  the  following  values,  —  0''.96,  —  O''.7o, 
+  0'M1,+  0".03,  —  0''.03,  —  0".09.    In  other  words,  when 
^a.r  the  moon's  limb,  the  diameter  of  Jupiter  measured  in 
the  direction  of  the  moon's  center  was  apparently  reduced 
''^^rly  a  second  of  arc.    Should  this  result  be  confirmed  by 
'^^^Tjre  observations  it  would  indicate  a  highly  rarified  lunar 
^^xnosphere,  whose  refractive  power  was  about  one  three- 
^t^Ciusandth  part  that  of  the  earth's. 


THE  "RED  LIGHT." 


E.  J.  BROOKINGS. 
^'^  Thb  Mbssbxges. 

*3*he remarkable  occurrences  in  the  atmosphere  which  began 

'^      the  autumn  of  1883,  and  which  continued    with   more 

*^^"  less  intensity  for  a  period  covering  nearly  two  years  have 

Passed  into  astronomic  history  under  the  name  of  the  **  Red 

^^ght,"  or  "Red  Sunsets,"  and  the  subject  is  now  most  too 

^^d  to  be  discussed  per  se.    But  I  noticed  in  a  pamphlet  just 

^^^ved  from  Professor  Lewis  Swift,  entitled  **  History  and 

^ork  ofthe  Warner  Observatory,  1883-1886,''  several    es- 

*^ys  on  the  subject  (previously  given  to  the  public  through 


i 
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(com- 


other  sources  I  presume),  all  tending  to  the  conclusion  that 
the  eruption  of  Krakatoa  was  the  original  cause,  except 
that  of  Professor  Henry  C.  Maine,  of  Rochester,  N.  Y..  whu 
maintains  the  theory  that  unusual  disturbances  in  the  sun 
and  consequent  action  npon  our  earth's  atmosphere,  caused 
the  unusual  phenomena. 

My  object  in  referring  to  the  subject  is,  not  to  enter  into  a 
discussion  of  it,  but,  as  it  seems  to  me,  to  correct  an  error  of 
theory  which  Mr,  Maine,  in  the  ardor  of  maintaining  his 
proposition,  has  fallen  into,  viz.:  that  the  peculiar  halo  so 
long  accompanying  the  sun  in  his  daily  revolutions  (com- 
monly speaking)  during  much  of  the  time  the  phenoin 
occurred,  was  the  solar  corona. 

I  quote  from  his  essa^' : 

"The  persistence  of  the  peculiar  halo  about  the  suni 
more  than  a  year,  while  the  red  sunsets  were  very  unequal, 
sometimes  disappearing  altogether,  indicates  that  there 
must  be  several  factors  to  produce  the  sunset  phenomena. 
Some  of  these  factors  were  less  changeable  than  the  others. 
The  halo  showed  but  little  change  for  a  long  period,  al- 
though it  was  noted  that  on  most  occasions  the  Red  Light 
was  brilliant  at  night  when  the  halo  was  most  conspicu- 
ous." 

He  then  proceeds  to  assert  an  unusual  solar  energy  during 
the  period  named,  with  the  consequent  effect  upon  the 
earth's  atmosphere,  and  in  specious  argument  and  reasoning 
forms  the  theory  that  these  conditions  so  intensified  and  ex- 
tended the  luminosity  of  the  sun's  corona  that  it  could  thus 
be  seen  during  the  period  mentioned. as  notice  in  his  conclud- 
ing remarks  which  I  quote:  "Bearing  all  these  facts  and 
theories  in  mind,  is  it  not  probable  that  the  violent  solar 
eruptions  during  the  past  five  years  have  so  loaded  and  ex- 
tended the  solar  envelope  that  the  nebulosity  has  become 
visible,  and  that  the  visibility  began  in  the  autumn  of  1883? 
The  effects  of  the  solar  eruptions  upon  our  atmosphere 
might  have  been  such  as  to  aid  in  rendering  the  sun's  en- 
velope visible  through  vapor  at  an  abnormal  height.  Such 
conditions  explain  the  persistence  of  the  solar  halo,  and  iti 
changes  in  form,  while  the  sunset  phenome 
pended  partly  upon  local  atmospheric  conditions, 
from  day  to  day. "    •  •  • 
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His  conclusion  is  as  follows:  From  all  these  considera- 
tions it  would  seem  that  there  is  a  reasonable  presumption 
of  a  physical  connection  between  the  unusual  solar  activity 
and  the  Red  Light,  and  that  the  one  is  the  principal  cause  of 
the  other." 

The  only  point  I  wish  to  make  in  regard  to  the  Professor's 
conclusions  is,  I  fear,  one  which  will  upset  the  whole  theory. 
It  is  this,  that  during  the  same  periods,  almost,  when  this 
solar  halo  persisted,  a  lunar  halo  was  also  distinct  and  per- 
sistent. Now  why  not  ascribe  the  cause  of  these  disturb- 
<ances  to  lunar  activity  ? 

I  myself  was  particularly,  interested  in  this  almost  persis- 
"tent  solar  halo,  and  to  satisfy  myself  that  it  was  at  least 
wiostly  produced  by  atmospheric  origin,  I  watched  the 
xnoon  quite  as  intently,  and  I  noticed  that  the  halos  of  each 
<rorresponded  very  nearly  in  periods  and  persistence.  That  I 
-am  not  prejudiced,  I  would  here  remark  that,  at  that  time, 
^ny  views  of  the  subject  quite  closely  corresponded  with 
"those  of  Mr.  Maine ;  but  were  soon  dispelled  by  cumulative 
-evidence  on  all  sides  to  the  contrarv. 

It  is  possible  that,  during  the  remarkable  atmospheric 

<ronditions  of  those  two  years,  the  corona  of  the  sun  itself 

Slight  have  been  seen,  in  connection  with  earthly  coronas, 

so  often  visible  in  vaporic  or  other  elemental  disturbances ; 

T)ut  it  does  not  follow  that  the  quite  continuous  halo  was 

produced  by  solar  energy  and  solar  coronal  luminosity;  in 

other  words  that  it  was  produced  by  conditions  exterior  to 

earth  itself.    Besides  it  is  well  known  there  have  been  in 

other  periods  of  years  just  as  remarkable  solar  activities 

without  corresponding  results  like  those  of  1883—1885. 

Mr.  Maine's  doubts  as  to  the  ability  of  volcanic  dust  and 
vapor  to  persist  in  our  atmosphere  for  so  long  a  period  is 
Bot,  I  think,  based  upon  very  good  foundation,  for  I  have 
seen  evidences  where  the  fine  dust  of  cities  (hardly  compar- 
able with  the  minuteness  of  volcanic  matter)  in  midsummer, 
•  has  remained  for  days  in  the  air,  and  the  smoke  of  burning 
forests  for  months. 

The  sediment  of  the  Potomac  water  in  spring-time  (much 
to  our  disgust)  will  remain  for  weeks  before  settling.  How 
much  easier,  then,  would  it  be  for  the  matter  thrown  from 
an  immense  eruption  to  an  enormous  height  and  in  minut- 
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est  condition,  to  maintain  an  apparent  equilibri um  amonfl 
the  currents  of  the  upper  a 


Washlsgtox,  D.  C,  1890. 


PORTRAITS    OF   DISTINGUISHED    ASTRONOMERS     IN    WOU 
LEAVENWORTH   COLLECTION  OF  SYRACUSE  UNIVERSITY. 

Certain  legal  technicalities  having  rendered  void  a  section 
of  the  will  of  the  late  Gen.  E.  W.  Leavenworth  of  Syracuse, 
N.  Y,  in  which  he  had  generoiislyintended  to  make  provision 
for  Syracuse  University,  his  widow,  Mrs.  Harriet  T,  Lcaven- 
worth,  determined  that  his  purpose  should  not  be  th' 
purchased  at  her  own  expense  the  Wolff  collection  of  engi 
ings  and  presented  it  to  the  University.  The  collection 
.  resents  the  patient  work  of  fifty  years  of  Dr,  Heinrich  Wt 
of  the  University  of  Bonn.  Early  in  his  student  life  he 
ceived  the  idea  of  gathering  together  the  portraits  of 
tinguislied  physicians  of  all  limes  and  countries,  and  stead- 
ily pursued  that  purpose  until  the  day  of  his  death.  By 
watching  the  favorable  opportunity,  he  was  enabled,  by  pi 
chase  and  exchange,  to  obtain  manj"  engravings  that  rai 
come  upon  the  market.  On  several  occasions  other  col 
tions  were  purchased  and  added  to  his  own,  so  that  at 
death,  when  the  whole  was  placed  upon  the  market, 
numbered  about  twelve  thousand  portraits. 

Aside  from  its  interest  as  illustrating  the  progress  of 
art  of  engraving,  this  remarkable  collection  will  prove  of 
value  to  all  persons  interested  in  scientific  work  of  any  kind. 
While  Dr.  Wolff  intended  it  to  be  first  of  all  a  series  of  por- 
traits of  those  who    had    contributed  something   to    the 
science  of  medicine,  he  added  portraits  of  distinguished 
of    all    professions — alchemists,     charlatans,      astrologi 
chemists,    physicists,    poets,    philosophers,  mathemattci 
each  find  their  appropriate  place.    There  are  portraits] 
over  three  hundred  astronomers  and  mathematicians  in 
collection,  and  it  is  with  the  thought  that  it  may  prove  of 
value  to  some  one  interested  in  the  history  of  Astronom; 
that  the  following  list  of  portraits  of  the  more  distinguisi 
astronomers  has  been  prepared.     The  numbers  refer  to 
catalogue  prepared    while    the  collection  was  for  sale] 
Frankfort  on  the  Main. 
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134  Bacon,  Roger;  12^ 

143  Bailey,  Francis;   standing.    Thomas   Philipps,  p.    Th.    Lupton  sc. 
Gr.  Fol. 

220  Bradley,  James;  Hudson,  p.    J.  Faber  sc.    Fol. 

221  **  "               "         **    Tookey  sc.  8°. 

442  De  Moivre,  Abr.;  J.  Highmore,  p.    J.  Faber  sc.    Fol. 

461  Dollond,  J.;  Wilson,  p.    Mckensie  sc.    12°. 

462  "        **    Posselwaite  sc.    8°. 

509  Ferguson,  James ;  J.  Townsend  p.    R.  Steward  sc.    Fol. 

510  "  "         Northcote  p.    F.  Haward  sc.    Fol. 

511  "  **         T.  Wright  sc.    8°. 

516  Flamsteed,  Joh ;  Gibson  p.    G.  Vertue  sc.    Fol. 

517  *'  **       3  sheets  by  various  engravers,  small  Fol,  8°  and  12°. 
608  Gregcrv,  David.    4°. 

633  Halley,' Edmund ;  Murrav  p.  1712.    J.  Faber  sc.    Fol. 

634  **  '*          G.  Kne'ller  p.    G.  White  sc.    Fol. 

635  **  '•           2  sheets.    Phillips  p.    G.  Vertue  sc.    4°  and  8°. 

687  Herschel,J.  F.  W.;  H.  W.  Pickersgillp.    W.  Ward  sc.    Gr.  Fol. 

688  "  '*         after  a  Photo.    Yon  Pound  sc.    Small  Fol. 

689  **         William,  Abbot  p.    Rvder  sc.    Fol. 

690  "  "        after  medallion  of  von  Duhamel  8°. 

691  "  **        F.  Rehberg,  p.,  1814.    J.  Godby  sc.    Fol. 

692  "  •*        2  sheets.    C.  Brandt  lith.    4°  and  8°. 

910  Mc  Laurin.  Collin ;  2  sheets.    Trotter  sc,  1798,  and  Freeman  sc    8°. 

933  Maskelyne.  Nevil;  12°. 

934  •*  '*       12°. 

957  Molineux,  William ;  Sherwin  sc.    Fol. 

993  Newton,  Isaac;  G.Kneller  p.    J.  Smith  sc.    1712  Fol. 

994  **  **        J.  Houbracken  sc. 

995  **  "        Sitting  with  book,  half  fig.    Aet.  85.  Vanderbank  p. 
J.  T.  Faber  sc.    1726.    Fol. 

996  Newton,  Isaac;  G.  Vertue  sc.    4°. 

997  •*  *'         halffig.J.  Thomhillp.    J.  Simon  sc.    1723  Fol. 

998  "  **         P.  Lely  p.    B.  Reading  sc.    Fol. 

999  "  "         E.  Seeman  p.    J.  M.  Ardell  sc.    Fol. 

1000  "  "         G.Kneller  p.    W.  Sharp  sc.    4°. 

1001  **  "         7  sheets  by  Von  Lips,  Dupin,  Swaine,  Kraus  and 
others.    Fol.  and  8°. 

1098  Ramsden,  Jesse ;  R.  Home  p.    P.  Jones  sc.    Gr.  Fol. 

1253  Taylor,  John ;  F.  H.  van  Hove  sc.    8°. 

1465  Allemand,  John ;  Nicholas  Sebast.    Fol. 

1502  Arago,  Dom  Francois;  M^urin  lith.    Fol. 

1503  **  •'           **         Ambr.Tardiendel.et.se.    1824.    8°. 

1504  **  *•           '*         2  sheets.    Maurin  lith.    8°. 

1510  Argelander,  F.  W.  A.;  C.  Mazen  lith.    1837.    Fol. 

1511  "  "          A.  Hohneck  lith.    1852.    Fol. 

1567  Bailly,  Jean  Silvan;  P.  M.  Alix  sc.  after  David.    Fol. 

1568  **          "  "        Delpechlith.    Fol. 

1569  •*  "  "        M.  Bancesc    Medallion.    12°. 
1570-1-2"          "  *'        7  other  portraits  bv  various  artists. 

1736  Bernoulli,  James;  2  sheets.    8°. 

1737  *•         John ;  6  portraits  by  various  artists. 

1765  Bessel,  Fnedrick  Wilhelm;  J.  Wolfp.    E.  Mandel  sc    Fol. 

1766  "  **               **          from  another  plate.    Fol. 

1806  Biot,  J.  B.;  Maurin  del  and  sc.    Fol. 

1807  "          "      3  sheets  by  Baillv,  Delpcch  and  Tardien.    8°  and  Fol. 
1823  Blanchino,  Francois;  Aet  67.    1729.    4°. 

1854  Bode,JohnElert;  Half  fig.    Kraft  del.  Lith.    Fol. 

1855  **  "  *»       Krugerdel.    Olderman  lith.    Fol. 

1856  "         "         "2  sheets  by  D.  Berger,  8°,  and  Malvieux,  small  Fol. 
1957  *'          "          "      4      ••      "    Bolt,  Lowe  Weitsch.    8°. 

1915  Borelli.Gio  Alfonso;  Forino  del.    Fol. 
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1928  Boscovich,  Roger  Joseph.    8°. 

1938  Bouj^uer,  Pierre ;  Peronneau  p.    Migersc.    FoL 

1940  Bouuland,  Ismael ,  Jag.  V.  Schuppen  p.    1697.    Pol. 

1965  Brahe,  Tj-cho ;  J.  de  Ghrvn  sc.    4°.    Rare. 

1966  *'  "         4=. 

1967  **  "        J.  Larmessin  sc.    4°. 

1968  "  "         5  sheets.    8°. 

2079  Burckhardt,  Joh.  Carl .  2  sheets,  J.  G.  Schmidt  sc,  1800,  and  Lith  8°. 

2110  Cagnoli,  Antonio ;  G.  Vocchi  del.  G.  A.  Correggio  sc.,  1805.  Small  Fol. 

2162  Carlini,  Francesco ;  R.  Hoffmann  lith.    1859  .  Fol. 

2174  Cassini,  Jean  Dominique;  Half  fig.    L.  Cossin  sc.    Fol. 

2175  ''  **            **             2  sheets.    Beaubran  p.    N.  Dnpuis  sc,  and 
unknown.    8°. 

2243  Clairault,  Alex.  Claude;   entire  fig.     Carmontel  del.     Delafosse  sc 

1768.    Fol. 

2244  Clairault,  Alex.  Claude;  Half  fig.  C.  N.  Cochin  del.   Cathelinsc   Fol. 

2288  Copernicus,  Nicolas;  N.  Dandeau  del.  et.  sc.    Fol. 

2289  "  **         Three  sheets.    Karcher,  Daumont  and  another. 
8°  and  12**. 

2380  D'Ambert,J.;  Pujosdel.  1774Dupin  sc.    4°. 

2381  "  ** 

2382  *•  "    P.  Maleuvre  sc.    Fol. 

2383  "  "    Cochin  del.    Watelet  sc    1754.    4**. 

2384  *'  *'    3  sheets.    Haid  sc.    Belliard  lith.    Fol.;  and  Delpech, 
lith,  8°. 

2420  Delambre,  Jean  Baptiste  Jos.;  Quenedy  del.    Westermayrsc.    8°. 

2422  De  L'Isle,  Jos.  Nicolas ;  Westermayr  sc.    8°. 

2446*  Descartes,  Renatus ;  In  cloak.    F.  Hals  p.    J.  Snyderhoef  sc.     Fol. 

2447  "  *'          Anon3rmous.    Fol. 

2448  *'  "          G.  Edelincksc 

2449  "  **          C.VanDalensc    Fol. 

2450  "  **          E.  Ficquetsc.    8°. 

2451  *'  "          2  sheets  by  Benoist  and  Duhamel  8°. 

2452  "  "          P.  Schenck.    Fol. 

2453  "  "          Garnerey  p.    P.  M.  Alix  sc.    Fol.    The  same ;  J. 

V.  NIeurs  sc    4°. 

2454  "  "          6  sheets  by  various  artists.    Fol.,  8°  and  4°. 

2645  Euler,  Leonhard;  Handman  p.,  1756.    J  .Stenglen  sc,  1768.    Fol. 

Rare. 

2646  **  '*           Halflength.  J.  Darbesp.  S.Kutnersc  1780.   Fol. 

2647  "  *'           2  sheets.    Dupin  sc  and  Mechel  sc.    8°. 

2648  "  ••           3  sheets  by  Darchon,  Holland  Pfenninger.    8°. 
2676  Fabricius,  James ;  J.  M.  Bernigeroth  sc.    Fol. 

2750  Flamarion,Camille;  Ettlinesc    8°. 

2810  Frauenhofer,  Joseph  von ;  Waldherr  del.  Vogel  sc.    8°. 

2856  Galilei,  Galileo;  J.  Suterman  p.    G.  Cipriani  sc    Fol. 

2857  "  *•         D.  Tintoretto  p.    N.  Schiavoni  sc    Fol. 

2858  •*  "         Villamaena  del.    G.  P.  Beuoist  sc.    8°. 

2859  "  **         6  sheets  by  various  artists. 

2879  Gassendi,  Peter;  A.  Mellan  del.  et.  sc.    small  Fol. 

2880  "  "       The  same  reduced  to  8°. 

2881  "  "       Nauteuilsc    1658.    Fol. 

2882  *•  "      J.  Lubinsc    Fol. 

2883  *•  **       3  sheets.    Title  pages  to  his  works.    Fol.,  8°,  12°. 
2889  Gauss,  Carl  Friedrich;  Half  fig.  Jensen  p.    Rittmuller  lith.    Gr.  Fol. 

3305  Herschel,  Friedrich  W.;  F.  Rchberg  p.    F.  Muller  sc.    Small  Fol. 

3306  **  **         '      C.  Muller  sc. 

3307  "  "         •      3  Woodcuts.    Fol..  8*^. 

3326  Hevel,  Joh.;  Half  fig.    Jwenhausen  p.    J.  Falck  sc    Fol. 

3327  '*         "       A.  Stechp.    L.  Visscher  sc.    Fol. 

3328  "         "       4°. 

3455  Hughens,  Christian;  Half  fig.    Edelincksc 
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3477  Hughens,  Christian ;  Eques  sc.    Fol. 

3478  **  '*  from  the  other  side.    F.  Otteus  sc.    Small  Fol. 

3479  "  *  A.  Blootelingh  sc.    Fol. 

3591  Kepler,  John ;  Hondius  sc.    Fol. 

3592  "  "       4.  sheets,  8°,  and  a  wood  cut.    Fol. 
3654    Kopcmik,  Nicolay;  G.  Colzidel.    Sulucd  lith.    Fol. 

3719  La  Land,  Jerome  de;  Ely  del.    A.  de  St.  Aubin  sc.    Small  Fol. 

3720  **  "  2  sheets.    Pujos  del.   Ingouf  sc.,  and  Frischins 
sc.    8°. 

3721  La  Land,  Jerome  de ;  3  sheets  by  Bonneville,  Dupin  and  Westermayr. 

8°. 
3724    Lambert,  Jean  Henri;  half  fig.    small  Fol. 
3764    La  Place,  Pierre  Simonde;  2  sheets.    Schuflft  sc.    4°.    Westermayr 

8C.    8°. 

3818  Leibnitz,  Gottfr.  Wilh.  von;  Scheitz  p.    J.  F.  Bause  sc.    Fol. 

3819  "  "         '*       "       3  sheets  bv  Haid  and  others.   4°  and  8°. 

3820  "  "         "       "       9      **       *^  various  artists.    8°  and  12°. 
3896    Lindenan,  Bemhard  von;  2  sheets.    V.  Grassi  p.    M.   Steinla  sc. 

Fol.    Schcrthlith.    Fol. 
3909    Lipjperhay,  Hans;  Berckman  p.    J.  V.  Meurs  sc.    2  sheets.    4°. 
3913    Litnou,  Jos.  Joh.;  2  sheets.  Kriehuber  p.    Pinhas  sc.    8*^  and  lith.  4°. 
-4053    Maopertins,  P.  L.  Moreaude;   Toumiere  p.    J.  Daullee  sc.     1741. 

Gr.  Fol. 
^4055    Manpertins,  P.  L.  Moreaude;  3  sheets.  Daullee  sc.  and  Derochers  sc. 

8°.    J.  T.  Haid.    Fol. 
-4068    Mayer,  Tobias ;  2  sheets  by  Riepenhausen  and  Westermayr.    12°. 
-4341    Gibers,  Wilhelm ;  C.  A.  Schwartz  p.    J.  G.  Huck  sc.    1808.    Fol. 
-4342         **  "         J.  G.  Pflugfelder  p.  et  sc.    1807.    Fol. 

-4343         "  "         R.  Suhrlandt  del.  et  lith.    Fol. 

4344         "  "         3  sheets  by  Mackenzie  and  others.    8°. 

4492  Piazzi,  Gins;  Half  fig.    R.  Focosi  del  L.    Rados  sc.    Gr.  Fol. 

4493  **  "      Bust.    Bossisc.    Fol. 

4744  Rittenhause,  David;  Half  fig.    C.  W.  Peale  p.  T.  B.  Longacre  sc.    8°. 

5069  Schroeter,  J.  H.;  2  sheets.  Strack  del.  Tischbem  sc.    Small  Fol.;  and 

anon.  8°. 

5075  Schubert,  J.  T.  von ;  Lithograph.    Gr.  Fol. 

5098  Schwab.  Joh.  C;  Bollinger  sc.    8°. 

5312  Struve,W.;  C.A.Jensen,  lith.    1844.    Gr.  Fol. 

5806  Zach,  Franz  Xavier  von ;  Anon.    8°. 
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JACOB    M.  CLARK,   C.    E. 


This  itinerary,  on  account  of  its  lack  of  geographical 
correlation  and  singular  dimension,  has  evoked  much  inter- 
esting discussion,  and  been  the  means  of  bringing  to  the 
surface,  under  new  aspects,  a  variety  of  important  facts. 

The  reader  is  referred  to  a  very  instructive  article  in  Vol. 
25,  p.  69,  of  this  magazine,t  giving  a  full  abstract  of  the 
views  of  M.  Faye,  as  read  before  the  Paris  Academy,  **  On 
the  Origin  of  the  English  Mile.'' 

•  It*  Relation  to  the  Size  of  the  Earth,  and  to  Ancient  Metrics, 
t  Vmo  NoatrantPa  Engineering  Magazine. 
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In  that  paper,  the  writer  favors  the  view  that  the  diraei 
sion  is  traceable  to  the  survey  of  Eratosthenes,  compan 
\\4th  that  of  Ptolemy;   and   incidentally,   that  the  survey^ 
were  conducted  in  terms  of  the  Babylonian  degree,  and  bv 
implication,  for  the  purpose  of  determining  its  length, 
rather  the  subtense  of  one  minute  of  arc;  that  the  error  iq 
dimension   arose  partly  from  misapprehending  the  relativi 
values  of  the  stadia  of  diftcrent  epochs,  through  disregarijJ 
ing  the  assumption  that  the  computation  of  Eratosthena 
was   based    on    surveys   made   with    the    Egyptian    foot"! 
(0.27"'  —  10%l  inches),  while  the  survey  of  Ptolemy  wad 
baaed  on  the  Philetierian  foot  (nearly  0.36"'  —  14^  inches.)! 

Mnch  additional  light  is  thrown  on  the  subject  through  i 
valuable  contribution  to  these  pages,  from  the  pen  of  Prt 
fessor  Mansfield  Merriman  ("The  Shape  and  Size  of  tb 
Earth, "Fan  A'os(rant/'a-  Magazine,  Vol.  22,  pp.  53-!>2,  115— 
128,  and  233-241).  Reference  is  more  particularly  made 
to  the  different  versions  of  the  earth's  circumference  by  an- 
cient mathematicians  on  page  58.  In  the  absence  of  direct 
evidence  to  the  contrary,  the  results,  the  definition  of  am- 
plitude observed  by  Eratosthenes,  and  the  chronology,!  a 
given  bj'  Professor  Merriman,  must  be  taken  as  clear  an^ 
conclusive. 

Hitherto,  the  modems  have  regarded  these  statements  atfi 
the  results  of  successive  experiments  by  the  ancient  gconi& 
ters,  to  ascertain  what  has  been  supposed  to  be  unknown  t 
them — the  length  of  the  terrestrial  degree,  or,  at  any  tatej 
the  true  circumference  of  the  earth  ;  and,  on  the  face  of  it  th^ 
discrepancy  is  certainly  glaring  enough  to  justify'  the  imprc 
sion,  and,  at  the  same  time  to  suggest  the  theory  both  < 
serious  errors  in  their  work,  and  confusion  among  them  8 
to  the  dimensions  of  the  stadia  used  in  the  different  surve\-fl^ 

The  true  character  and  object  of  these  operations  can  onI| 
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be  understood  by  reading  them  in  the  light  of  contempora- 
neous history  and  in  view  of  the  spirit  of  the  times,  aided 
by  such  knowledge  of  the  actual  dimensions  made  use  of  as 
can  be  obtained  or  fairlv  inferred. 

It  should  be  borne  in  mind  that,  as  a  rule,  conquest  has  al- 
ways involved  more  or  less  serious  interference  with  the 
metrics  of  the  people.  And,  from  the  nature  of  the  case,  this 
was  a  prominent  feature  of  state  policy  among  the  ancients. 
So  long  as  a  subjugated,  but  powerful  and  intelligent  people 
retained  the  use  of  their  traditional  measures,  cherished  by 
the  philosophers,  and  indissolubly  connected  with  the  mys- 
teries and  service  of  the  temple,  their  complete  subjection 
would  be  a  matter  of  doubt.  But  the  perils  involved  in  the 
sudden  and  arbitrary  overthrow  of  entire  systems,  were 
generally,  in  fact,  sought  to  be  avoided  by  modifications- 
compromises,  under  more  or  less  specious  and  flattering  pre- 
texts. 

Now  as  to  the  measures — the  stadia  probably  used — and 
the  mode  of  reckoning : 

The  Greek  stadium  was  Vs  of  their  mile  of  1,000  paces,  or 
double  parade-steps ;  value  =  604%  feet.  The  Romans  had 
practically  the  same  mile.  Elsewhere,  the  stadium  was  100 
fathoms,  and  the  fathom,  generally,  3  cubits.  But  the  He- 
brew fathom  was  4  cubits. 

The  Egyptian,  Phenician,  and  Persian  cubit  was  0.01  of 
the  schoenus,  which  was  equivalent  to  145.92  English  feet. 
The  Hebrew  cubit  was  ^-  of  the  schoenus. 

The  Babylonian  cubit  was  apparently  the  subtense  of  1° 
on  a  radius  of  100  duodecimal  feet,  or  1,200  inches.  Its 
value  would  depend  on  that  of  the  inch.  A  form  of  it  ap- 
pears in  Egypt,  with  some  uncertainty'  as  to  the  date  of  its 
introduction,  under  the  name  of  the  royal  cubit.*  The  Turin 
and  Kilometer  cubits,  so  called,  are  versions  of  it.  The  di- 
mension was  not  far  from  1.75  feet.  A  slight  modification, 
to  be  understood  further  on,  would  place  it  as  =  1.75104 
English  feet. 

There  would  result : 
The  Egyptian  stadium  =  437.76  English  feet. 
The  Hebrew  stadium  =  729.6  English  feet. 

*  The  perfect  roval  cubit  is  the  circumference  of  a  circle  upon  9  Egyptian  digits 
as  a  diameter,  the  ai£:it  being:  one  twenty-fourth  of  the  Bgryptian  cubit. 
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The  (supposed)  stadium    on   fathom  of  3  Hebrew  cubits 

=  547.2  English  feet. 
The   (supposed)   stadium    on    fathom    of    3    royal    cubits 
=  525.312  English  feet. 

Among  the  peoples  concerned,  the  reckoning,  for  all  gen- 
eral purposes,  was  purely  decimal,  except  that  the  Babylo- 
nians had  the  duodecimal  mixed  up  in  their  system,  with 
alternations  of  6  and  10. 

To  facilitate  the  view,  the  different  results  are  arranged  in 
the  table  in  chronological  relation  with  prominent  epochs, 
and  in  connection  with  the  above  lengths  of  stadia: 

Bartb's        LeagOi  <i 
Bpcicli.  Event,  etc.  In  ttndia.    Easli*b  fl 

B.  c.  538  Babylon  taken  by  Cyrus. 
U,  C.  526  Independence  of  Egypt  destroyed   by 
Combvsee. 

n,  c,  3+0  AfiisTOTLB , 300,000        437.T 

n.  C.  332  Maccdunian    Conquest;   end    of   the 
Phttroahs. 

B.  c.  250  Arcuiukdgs 300,000        437.7 

a.  c.  230  Eratostbekbs 250,000       52S.3l| 

B.  c.  14.6  Greece  made  n  Roman  province. 

II.C.     9(f  P(i!illiii.MA3 240,000       547.3 

a.  c.     30  Cleopatra's  death:  end   of  the  Ptole- 
mies; Egypt  becomes  a  Roman  Prov- 

.1.  D.   170  Ptolemy  (in  the  reign  of  Marcus  Au- 

reliua) ISO.OOO        729.60  " 

With  these  values  of  the  stadium  the  circumference  in  each 
case  is  131,32e.0f>0  English  feet. 

By  Clarke's  elements  of  1 878,  as  quoted  by  Professor  Mer- 
riman,  the  mean  circumference  is  131,331,455  English  feet. 

The  skill  and  accuracy  of  ancient  astronomers  is  strikingly 
illustrated  by  the  survey  of  Almamoun,  in  Mesopotamia,  in 
the  ninth  centnry.  referred  to  for  illustration  by  both  Pro- 
fessor Merriman  and  M.  Faye.  Taking  the  Arabian  mile 
(palpably  a  version  of  Ezekiel's  SOU  reeds)  at  Haswell's 
quotation,  2,146  yards,  with  the  Professor's  statement  of 
the  result.  56%  miles  to  the  degree,  the  circumference  is 
2.146  X  3  X  56%  X  360  ~  131,335,200  feet,  a  trifle  above 
the  ancient  and  modem,  in  a  total  disagreement  as  to  the 
whole  circumference  of  less  than  a  mile  and  a  half. 

Both  Egypt  and  Mesopotamia  are  fairly  situated  for  ap- 
prehending the  mean  circumference  by  meridian  observa- 
tions. 
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Leaving  aside,  for  the  moment,  the  above  suggested  ad- 
j-ustment  of  the  royal  cubit,  the  question  arises  pretty  dis- 
tinctly whether  the  most  promising  theory  to  square  with 
^11  the  facts  may  not,  after  all,  be  something  like  this : 

(1.)  At  the  very  earliest  assignable  epoch,  the  mean  cir- 
crumference  of  the  earth,  and  consequently  its  radius,  were 
Icnown  with  astonishing  precision.  Under  a  very  perfect 
system  of  geometry,  the  metrics  of  the  ancient  leading  na- 
tions were  founded  on  this  knowledge,  The  opinions  of 
-Aristotle  and  Archimedes  were  derived  from  this  source, 
"through  Egypt. 

(2.)    After  the  Macedonian  conquest,  it  became  apparent 
^hat,  by  the  breaking  up  and  commingling  of  nationalities, 
"the  multiplicity  of  units  was  inconvenient  and  perplexing. 
T*he  Mosaic  and  Babylonian  cubits  were  in  collision.     The 
** cubit  and  a  hand-breadth"  of  Ezekiel,  by  this  time  widely 
diffused  and  popularized,  differed  from  the  two-foot  rule  by 
about   an   inch.     The   Egyptian   and   Persian   cubit   was 
l)ecoming  confounded  with  the  Indian*  cubit  of  18  inches. 
And  the  Greek  measures  were  a  new  element  of  discord. 
Eratosthenes  was  charged  by  Ptolemy  Philadelphus  with 
the  work  of  reform.    To  satisfy  the  prevailing  preferences 
for  the  decimal  method,  and  at  the  same  time  strike  a  re- 
ducible mean  among  the  cubits,  an  itinerary  was  invented 
which  should  be  an  even  decimal  of  four  terrestrial  great  cir- 
cles.   It  is  more  than  probable  that  the  survey  of  Eratos- 
thenes was  simply  to  test  the  correctness  of  the  ancient 
standards  and  fix  the  adjustment  of  the  royal  cubit.    The 
circumference  was  already  known,  according  to  the  Egypt- 
ians, and  if  their  account  proved  correct,  the  relation  was 
apparent  beforehand..    The  royal  cubit  would  have  to  be  six- 
fifths  of  the  Egyptian  =  twenty-four  twent3''-fifths  of  the 
Mosaic  =  1.75104  English  feet. 

(3.)  This  unwieldy  division  of  the  circle,  unfit  for  geog- 
raphy or  astronomy,  along  with  the  strong  preferences  of 
the  Egyptians,  Persians,  Hebrews,  and  kindred  races  for  the 

*  It  is  a  pecnliarlty  of  the  purely  daodecimal  method  that,  reckoning  from  the 
inch,  it  has  no  longer  dimension  than  the  12-feet  pole  or  "joktan."  And.  wherever 
it  has  taken  root,  this  dimension,  as  well  as  its  derivatives  by  bisection,  the  valgar 
fathom,  the  ^rard  and  the  Indian  cubit,  as  also  the  foot  when  used  as  units,  are,  as 
a  role,  but  with  occasional  intermediaries  of  3  and  6,  reckoned  upwards  decimally^. 
Its  singular  distribution — about  the  Mediterranean,  among  the  islands  as  Great 
Britafai  and  Japan,  and  upon  the  salients  of  Africa  and  Asia— is  strikingly  suggest- 
ire  of  the  maritinie  enterprise  of  busy  Tyre. 
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ancient  measures,  and  tlidr  wide-spread  traditional  sym- 
pathy as  against  Babylonian  methods,  finally  broke  this 
system  down.  Accordingly,  after  the  Roman  supremacy 
was  established,  and  in  the  reign  of  one  of  the  later  Ptole- 
mies, Posidonias  restored  the  Mosaic  cubit,  but  in  a  3-cubit 
fathom,  so  that  his  itinerary  was  decimally  related  to  the 
hour-angle.  And  so  far  from  his  survey  being  the  worst 
measurement  of  a  degree  ever  made,  it  ser\-es  to  verify  in  a 
very  lucid  way  the  work  of  his  predecessors.  The  aptness  of 
his  system,  as  an  itinerary',  is  attested  by  the  survival  of  the 
Turkish  mile,  through  all  vicissitudes,  and  of  its  correlative 
fathom,  by  dozens  of  analogues,  in  the  islands  and  along 
the  Mediterranean  and  in  central  Europe.  And  it  may  seem 
signilicant  to  many  that  in  the  Apocalypse,  written  18fi 
years  later,  the  dix-ision  of  the  circle  by  24  is  paramount.* 

(4.)  Finally,  in  the  reign  of  Marcus  AurcHus,  a  further  at- 
tempt at  unification  seems  to  have  been  made  by  re-insiitui- 
ing  the  Mosaic  itinerary — the  leuga  of  the  ancient  Gauls  and 
the  mile  of  Sardinia.  This  was  the  survey  of  Ptolemy. 
Possibly  it  involved  some  conceRsion  to  the  Egyptians,  in. 
that  the  schcenus  became  simply  20  fathoms,  instea^ 
33V&  as  by  their  ancient  method,  or  2G%  as  by  that  ofE 
donias.  It  lacked,  however,  the  key  note  of  Ezekicl's 
— radius  to  be  the  base  of  direct  and  square  measure,  i 
nry  to  be  ruled  by  the  division  of  the  circle. 

There  seems  to   be  little  either  in  the  accounts  we  I 
the  necessities  of  the  case,  or  the  character  of  the  rulci 
der  whom  these  operations  were  conducted,  to  indicate  I 
they  were  instituted  for  any  other  purpose  than  that  an 
suggested — verification  of  the  ancient  work,  and  adjusttll 
of  the  standard   for  the  particular  purpose  in  view  at  the 
time.    Neither  is  it  apparent  that  in  any  .of  them,  the  Baby- 
lonian degree  was  either  used  or  its  dimension  sought  (q 
cept  possibly  as   to   Ptolemy),  or  that  the  Hgyptiaa  I 
whatever  it  may  have  been,  or  the  Philetairiim  foot  or  f 
Greek  stadium,  were  used  or  referred  to  at  all,  or  that] 
geodetic  work  had  any  other  fundamental  base  than  (hq 
cient    public   surveys   of    Egypt,    familiar   to    the   lei 
throughout  the  whole  period  of  operations,  and  unqtii 
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ablv  made  with  the  schcenas.  And  this  view  is  confirmed 
"by  Eratosthenes*  definition  of  amplitude,  as  quoted  by  Pro- 
ifessor  Merriman — ^  of  4  right  angles — a  decidedly  decimal 
-expression,  as  well  as  by  the  general  ancient  preference  for 
the  decimal  method. 

The  English  mile,  by  its  dimension,  suggests  with  strong 
probability  that  it  was  at  first  either  equal  to  1751  yards,* 
representing  the  survey  of  Eratosthenes,  or  else  1824,  like 
the  Turkish  mile,  the  itinerary  of  Posidonias;  and  that  it 
took  its  present  form  at  the  time  the  English  forced  the  36- 
inch  yard  into  their  land  measure  by  means  of  the  invention 
of  Gunter's  chain.  The  former  is  the  more  probable. of  the 
two. 


ILLUMINATION  FOR  A  POSITION  MICROMETER. 


G.  W.  HOUGH.t 
-^^or  Thb  Mbmbnobx. 

Incandescent  lamps,  for  illuminating  the  circles  and  mi- 
^^^ometer  wires  of  an  equatorial  telescope,  have  been  in  use 
^or  some  years.  When,  however,  a  primary  battery  is  em- 
T^loyed  for  generating  the  electricity,  I  am  informed  that  the 
"^xotible  of  keeping  the  battery  in  order  is  a  serious  obstacle 
"^o  its  success.  The  employment  of  storage  cells  obviates  all 
difficulties. 

During  the  past  five  years  I  have  used  three  simple  stor- 
^^ge  elements,  each  consisting  of  two  sheets  of  lead  4x6 
^Tiches  covered  with  red-lead,  and  hung  in  a  glass  or  stone 
O  ar, containing  dilute  sulphuric  acid.    These  cells  are  charged 
iDy  seven  gravity  elements ;  the  whole  kept  constantly  con- 
nected in  series. 

A  storage  cell  of  this  kind  will  3'ield  a  current  of  about 
'three  amperes,  and  the  lead  plates  will  last  two  years  with- 
-ont  removal.    My  cells,  have  been  in  constant  use  for  operat- 
ing the  printing  chronograph,  door  bells  and  for  other  pur- 
's 12  Bnrptlaii  stadia  =  3600  B93rptiaii  cubiU  =  1^  Raatian  versts. 
TlM  RnsMfui  cofTclatioii  is:  Bartta's  mean  circumference  —  3750  Swede  miles  = 
37.500  Tcrsto  =  18,750.000  saline  =  56,250,000  archine  =  900,000,000  verschok. 
The  Tcncbok  Is  one-tenth  of  the  Bmrptian  cubit. 

The  Asiatic  pic  (s  26.24  geoemtric  inches)  is  one  ten-thonsandth  of  the  ancient 


The  co-fidations  of  ancient  typical  systems  come  ont  clear  throngrh  ancient 
sodiacs  and  cjdar  methods  of  time-reckoning. 

t  DItcctor  of  Dearborn  Observatory,  Northwestern  University,  Bvanston,  111. 


162  The  Sidereal  Messenger. 

poses.  They  also  give  satisfactory  results  with  a  one  or 
two  candle  incandescent  lamp.  Commercial  storage  cells 
may  now,  however,*  be  purchased  of  a  capacity  of  25  am- 
p&re  hours  and  upwards,  which,  of  course,  would  be  prefer- 
able. Three  cells  connected  in  series  with  seven  gravity  ele- 
ments will  be  charged  at  the  rate  of  one  to  two  ampdre 
hours  in  one  day.  If  more  electricity  is  required  the  number 
of  the  charging  gravity  elements  may  be  increased. 

At  the  old  site  of  the  Dearborn  Observatory  in  Chicago, 
I  used  a  small  gas  burner  for  illuminating  the  wires  of  the 
position  micrometer.  The  light  was  fairly  under  control 
and  generally  satisfactory. 

After  re-mounting  the  IS^inch  refractor  on  the  new  site 
at  Evanston,  not  having  gas  in  the  building,  I  started  with 
an  old  oil  lamp,  which  sometimes  smoked,  was  frequently 
blown  out,  and  was  generalh'  in  the  way  when  not  measur- 
ing. I  accordingly  decided  to  trj^  electricit\'.  A  telegraph 
line  carr3'ing  a  No.  8  copper  wire  having  been  erected  be- 
tween the  Observatory  and  the  Phvsical  Laboratorv%  the  dis- 
tance  being  half  a  mile,  I  was  able  to  make  use  of  the  stor- 
age batter^'  located  at  the  latter  place.  An  incandescent 
lamp  of  one  candle  power  was  inserted  in  one  of  the  arms 
of  the  position  micrometer,  first  placing  a  disk  of  deep  red 
glass  in  front  of  the  lamp.  A  resistance  coil  of  five  ohms 
was  then  prepared  and  subdivided  in  five  equal  parts,  so 
that  any  position  of  this  resistance  could  be  introduced  in 
the  circuit,  at  the  will  of  the  observer.  One  wire  was  con- 
nected with  the  mounting  of  the  telescope  and  carried  down 
the  tube  to  the  lamp.  The  other  wire  was  brought  up  at 
the  base  of  the  pier  and  loosely  coiled  when  not  in  use.  The 
free  wire  was  left  of  sufficient  length  to  reach  the  eye-end  of 
the  telescope  in  any  position.  When  measures  are  to  be 
made  the  loose  wire  is  connectct.1  with  the  lamp;  it  being 
necessary  to  detach  it  only  when  the  telescojie  is  reversed. 
Both  lines  might  be  permanently  attached  to  the  telescope, 
as  has  alreadv  been  done  bv  Grubb  and  others,  b\it  the  loose 
wire  answers  evenk*  purpose. 

By  passing  all  the  light  through  deep  nxl  glass,  one  gets  a 
clean  field  with  scarcelv  anv  strav  H;;ht  used  bv  means  of 
the  resistance  coil,  which  is  fasteneil  to  one  of  the  counter- 
poise arms,  within  reach  of  the  observer,  one  can  instantly 
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« 

^  any  d^ree  of  .illumination,  a  very  great  desideratum  in 
dealing  with  difficult  double-stars  or  faint  satellites.  I  have 
now  used  this  method  of  illumination  for  some  months,  and 
it  is  found  to  be  so  much  superior  to  either  gas  or  oil  that 
I  should  be  very  unwilling  to  go  back  to  the  old  plan. 

We  expect,  in  a  short  time,  to  connect  the  Observatory 
with  the  public  electric  light  wires  and  use  incandescent 
lighting  both  for  the  equatorial  and  the  meridian  circle. 

Observatories  which  cannot  have  access/  to  commercial 
lighting,  may  easily  charge  a  few  storage  cells,  for  microm- 
eter illumination.  An  incandescent  lamp,  such  as  I  use,  re- 
quires a  current  of  about  five  volts  and  one  ampdre. 

Eight  gravity  elements  joined  in  series  against  three  com- 
mercial storage  cells,  and  kept  constantly  connected,  would 
easily  furnish  all  the  light  required  for  an  equatorial 
micrometer. 


A  COMPOUND  WEDGE  PHOTOMETER. 


E.  J.   SPITTA,    L.    R.    Ct 


The  idea  of  employing  a  wedge  of  neutral-tinted  glass  as  a 
photometer  has  occurred  to  many  observers — Dawes,  Capt. 
Abnev,  and  others — and  notablr  of  late  vears  to  Professor 
Pritchard,  of  Oxford,  who  has  produced  with  such  an  in- 
strument his  well  known  Uranometria  Nova  Oxoniensis,  a 
catalogue  of  the  relative  brightness  of  the  brighter  stars 
north  of  the  equator.    But  the  use  of  such  an  instrument 
has  always  been  limited  hitherto  to  the  comparison  of  the 
relative  intensities  of  such  points  of  light  as  the  stars  pre- 
sent, its  employment  upon  objects  of  sensible  area  being 
foreign  to  the  ideas  and  requirements  proposed  in  its  con- 
struction.   Having,  however,  attempted  to  use  a  photometer 
of  this  description  upon  disks  of  small  but  of  various  areas 
illuminated  by  a  known  amount  of  light,  the  discordances 
of  the  results  fofced  upon  me  the  necessity  of  modifying  the 
construction  of  the  photometer  in  a  way  which  I  believe 
will  extend  its  sphere  of  usefulness.    It  is  not  within  the 
scope  of  this  pai)er  to  give  any  detailed  account  of  the  many 

*Proin  the  proceedings  of  the  Royal  Society. 

t  Coromanicated  by  Capt.  W.  de  W.  Abncy,  C.  B.,  F.  R.  S.     Received  November  8, 
18«9. 
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esperiments  I  have  made  with  several  wedges,  but  it  is  soft 
ticient  to  say  that  the  wedge-form  itself  has  been  fallj 
proved  to  be  an  important  factor  in  the  production  of  tlK 
discordances  to  which  reference  has  been  made,  for  thefol 
lowing  reasons: — 

A  point  of  light  from  its  very  definition  implies  that 
sensible  portion  of  the  wedge  is  occupied  in  its  passage,  but 
it  requires  very  little  thought  to  perceive  that  when  an  an» 
of  sensible  dimensions  is  being  deiilt  with  this  is  by 
means  the  case.  Morever,  an  elementary  inquiry  suffices  tu 
point  out  that  if  the  area  possess  a  considerable  diamrttr 
the  light  emanating  from  its  lateral  portions  will  impinge 
on  difTerent  thicknesses  of  the  wedge,  as  shown  to  an  ciap- 
gerated  degree  in  fig.  1,  where  AB  is  the  transverse  dianwier 


FIG.  1. 

of  the  area,  and  CDEF  the  portion  of  the  wedge  employti 
It  is  evident  if  the  differeaces  in  intensity  be  required  I* 
twcen  two  disks  of  the  same  diameter  this  condition  of 
things  would  not  affect  the  validity  of  the  final  results,  but 
it  is  equally  apparent  that  were  the  disks  of  differing  dianK- 
ter  the  values  obtained  could  not  but  be  seriously  affccUd< 
Let  it  be  presumed  that  two  such  difTerent-sized  disks  wert 
under  consecutive  examination,  as  shown  in  fig.  2,  AB  n^tt- 
senting  the  diameter  of  one  and  CD  that  of  the  other  I" 
the  ease  of  AB  it  is  manifest  that  the  extreme  Hmb  B  would 
be  fainter  to  all  appearance  than  the  oposite  edge  A,  l>fr 
cause  the  light  issuing  from  it  has  to  traverse  a  portion  of 
the  wedge  EF,  thicker  and  so  more  dense  than  E'F'. 
consideration,  it  is  equally  obvious  that  the  Hmiting  mflip" 
A  will  be  the  last  to  appear  as  the  wedge  is  made  to  ino« 
from  right  to  left  till  disappearance  takes  place,  the  position 
technically  spoken  of  as  "the  point  of  wedge  extinction-' 
But  if  CD,  the  larger  disk,  be  illuminated  with  light  of  the 
same  initial  intensity   as  fell  on  AB,  it  is  evident  that  the 
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point  of  wedge  extinction  (technically  so-called)  for  CD  at 
tbelimb  C  will  not  be  at  the  same  wedge-reading  as  in  the 
previous  case;  in  fact,  disappearance  would  not  occur  until 
llie  portion  of  the  wedge  corresponding  to  the  line  E'F'  had 
been  moved  to  occupy  the  position  shown  by  the  line  E"F". 
Hence,  when  ascertaining  what  is  termed  the  wedge-inter  vat 
in  the  direct  comparison,  say,  of  the  relative  intensities  of  a 
targe  and  small  disk,  it  is  very  obvious  an  error  entirely  due 
to  ttie  pliysical  iiiilure  of  a  wcdgo  must  inevitably  result, 
sueti  error  lieing  in  direct  pniportion  to  tin- Jiinount  of  shift 


PIG.  2. 

rtqnired.  which  depends  upon  the  relative  differences  in  di- 
niDcicr  of  the  disks  under  observation.  Nothing  is  here  said 
of  the  difficulties  of  oliservation,  wliich  are  enormously  in- 
otased  by  the  different  apparent  intensities  of  the  light  at 
the  extremities  of  the  diameter  parallel  to  the  length  of  the 
wdge,  because  1  merely  wish  to  cat!  attention  to  the  error 
malting  from  the  employment  of  the  wedge-form  itself. 

To  apply  a  correction  under  these  circunmstances  was  not 
deemed  expedient,  even  if  found  to  be  practically  possible; 
hence  the  removal  of  the  source  of  error  has  licen  arrived  at 
liy  devising  an  instrument  of  different  construction,  to 
*hich  the  term  Compound  Wedge  Photometer  has  been  ap- 
(tfied,  and  of  which  the  following  is  a  brief  description : 

Two  very  thin  wedges  of  neutral-tinted  glass  are  m»de  to 
llidc  past  one  another  with  a  uniform  rnte  of  motion  by  the 
tnming  of  a  single  mi  I  led -headed  screw,  the  idea  of  the  ar- 
Wngement  beinj^  diagrammaticatly  set  forth,  so  far  as  the 
Wedges  themselves  are  concerned,  in  fig,  3,  where  it  will  be 
sfenthat  any  amount  of  density,  within  certain  limits,  can 
t*  obtained  by  equal  movement  of  the  two  wedges,  al- 
ttioogh  a  uniformly  absorptive  area  in  all  parts  of  the  field 
'•rigidly  maintained.    In  the  figure,  ABC  is  shown  as  one 
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wedge,   DEF  the  other,  and   VIEW   llie  field    of  view.    A 
cursory   inspection  of  the  arrangement  at  once  reveals  its 
most  salient   advantages,  and  the  fact  that  any  sized  disk 
within   the  limits  of  the  field  of  vision  will  be  observed  by 
the  same  density  of  neutral-tinted  glass  at  ai.y  and  all  parts 
of  its  image,  and  hence  that  the  cause  of  error  spoken  of  ns 
arising  from  the  nse  of  a  single  wedge  is  at  once  removed. 

An  instrument  so  constructed  has  been  subjected  to  several 
months'  crucial  testing,  and  I  have  no  grounds  for  thinkings; 
it  does  not  fulfil  the  requirement  for  which  it  was  devised 

1 

1 

^{U 

In  its  final  form  the  arrangement  differs  from  that  usually 
met  with  as  suggested  by  Professor  Pritchard,  for  it  is  sup 
plied  with  a  rotating  disk  of  metal,  perforated  at  inter^'al 
to  allow  the  permanent  insertion  of  pieces  of  notral-tintwl 
glass  of  different  thickness,  each  of  which  can  be  evaluatec 
for  magnitude  and  used  as  a  constant.     Besides,  it  is  fix« 
upon  the  occulting  eye-piece,  a  de%Hce  for  limiting  the  aper 
ture  at  the  eye-end  of  a  telescope,  or  for  occulting  any  por 
tion  or  portions  of  the  field  of  view,  and  which  I  have  full_ 
described  in  vol.  45  of  Motitblv  Notices  of  the  RovhI  Astro 
nomica/  Society. 

L 

The  vacancy  on  the  Council  of  the  Royal  Society  causct 
by  the  death  of  Father  Perry,  has  been  filled  by  the  dtct^j 
of  the  Astronomer  Royal.                                                      ^^M 
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NOTICES  PROM  UCK  OBSERVATORY. 

Annoancement  of  the  discovery  of  the  rotation  period  of 
Xfercary,  by  M.  Scbiaparelli. 

On  the  8th  of  December,  1889,  the  Accademia  dei  Lincei* 
of  Rome  held  a  special  sitting,  which  the  King  and  Queen  of 
Italy  attended  in  order  to  hear  a  discourse  by  M.  Schiapa- 
relli  on  his  discovery  of  the  rotation  period  of  the  planet 
Mercury. 

FroiB  a  report  of  this  meeting  and  from  a  short  paper  in 
the  Astronomiscbe  Nachrichten  the  following  brief  account 
is  condensed : 

The  rotation  periods  of  the  planets  Mercury  and  Venus 
mnst  be  fixed,  if  at  all,  by  the  observation  of  the  spot  on 
their  surfaces.  Neither  of  these  planets  is  ever  to  be  found 
at  any  considerable  angular  distancefrom  the  snn,  so  that 
they  must  be  observed  in  the  twilight  or  in  the  day-time. 
At  all  Observatories  the  images  of  planets  in  the  day-time 
are  wavering  and  unsteady  and  at  some  stations  (as  at 
ibe  Lick  Observatory,  for  example)!  daylight  obsen'ations 
can  almost  never  be  made  to  advantage.  At  Milan,  M. 
Scbiaparelli  has  been  able  to  observe  Mercury  some  150  to 
200  times  in  the  years  1881-6,  with  the  eight-inch  telescope ; 
and  since  that  time  he  has  used  the  eighteen-inch  telescope, 
which  has  confirmed  his  earlier  conclusions. 

The  fiindamental  facts  relating  to  the  rotation  of  the  plan- 
eta  are: 

I.  If  Mercary  is  observed  on  two  consecutive  days  the  as- 
pect of  its  spots  is  identical  or  nearly  so;  and  the  same  is 
tme  when  the  interval  between  observations  is  two,  three 
or  four  days,  etc.  This  fact  of  observation  can  be  explained 
by  either  one  of  three  hypotheses :  (a)  the  rotation  period  of 
Mercary  is  about  twenty-four  hours;  (b)  or  the  planet 
makes  two  or  more  rotations  in  this  period ;  (c)  or  the  ro- 
tation is  so  slow  that  an  interval  of  two  or  three  days 
makes  no  appreciable  alteration  in  the  position  of  the  mark- 
ings.     ' 

II.  The  observations  at  Milan  sht)wed  Professor  Schiapar- 

*  CalUco  wat  one  of  the  orlnlnal  mrmhtn  of  thin  Academy  Idei  LIncei—ot  the 
Lyair*— of  the  ahaip-cycd  oneii  which  waa  named  aftrr  the  rantattic  manner  ot 

taec  Pablieatlooi  of  Ibt  Aitronomlcal  Society  of  the  PaciSc.  Vol.  II.  p.  37 
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elli,  to  his  satisfaction,  that  the  motion  of  the  spots  on  the 
apparent  disc  was  too  slow  to  permit  of  the  possibility  of 
the  hypotheses  a  or  b.  It  followed  therefore  that  the  rota- 
tion period  was  of  many  days. 

in.  Observations  in  1882-3  confirmed  in  1886-7  showed 
that  the  planet  revolved  about  the  sun  at  least  somewhat 
as  the  moon  revolves  about  the  earth,  namely:  in  turning 
always  the  same  face,  or  nearly  the  same  face,  to  the  prim- 
ary body.  The  observations  themselves  were  so  difficult 
that  it  was  impossible  to  prove  that  Mercury  revolved  on 
its  axis  exactly  in  the  period  of  one  revolution  in  its 
orbit  (as  in  the  case  of  the  moon).  Professor  Schiaparelli 
takes  the  sidereal  period  of  Mercury  (87.9693  days)  at  once 
as  its  rotation  time,  although  his  observations  might  be 
satisfied  by  a  period  some  four  hours  or  so  different  frootj 
this  longer  or  shorter. 

IV.  The  observations  were  too  difficult  to  permit  the 
termination  of  the  position  of  the  rotation  axis,  but  all 
drawings  agree  with  the  assumption  that  the  axis  of  rota, 
tion  is  approximately  perpendicular  to  the  plane  of  the 
orbit.  It  is  certain  that  the  axis  is  not  inclined  as  much  as 
23"  or  25°  (like  the  earth's  or  Mars')  and  it  is  not  likely 
that  the  inclination  varies  from  90°  by  as  much  as  8°. 

V,  All  the  observations  tend  to  demonstrate  that  the  ro- 
tation of  the  planet  on  its  axis  is  uniform;  from  which 
datum,  combined  with  the  notable  eccentricity  of  Mer- 
cury's orbit,  it  follows  that  there  must  be  a  large  libration 
in  longitude  with  respect  to  the  radius-vector.  The  period 
of  this  libration  is  eighty-eight  days  and  its  amplitude  is 
twice  the  maximum  equation  of  the  center  or,  4'7' 

The  author  dwells  on  the  extreme  difficulty  of  seeing  tl 
faint  markings  at  all.  and  of  depicting  them  when  seen,  bi 
gives  a  planisphere  of  the  hemisphere  turned  toward  ns. 
the  equator  three  points  are  marked,  O  (center  of  the  di 
and  two  points  A  and  B.  23 ''il'  from  O,  and  on  either  sidj 
of  it.  0  is  the  point  turned  towards  the  sun  (the  poin1 
which  has  the  sun  in  the  zenith)  at  the  times  of  perihelion 
and  aphelion:  A  and  B  are  the  two  points  which  hav<  the 
sun  in  the  zenith  at  the  times  of  greatest  positive  or  nega- 
tive libration. 

Considering  the  difficulty  of  seeing  the  spots  on  Mereurjr 
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at  all  it  is  not  easy  to  give  any  well-founded  opinion  as  to 
their  nature.    They  may  simply  depend  upon  the  diverse 
materials  and  the  structure  of  the  solid  strata  of  the  surface 
as  in  the  case  of  our  own  moon.    But,  as  Mercury  is  known 
tQ  have  a  dense  atmosphere,  Proressor  Schiaparelli  thinks 
that  it  would  not  be  unreasonable  to  conclude  that  they 
might  be  analogous  to  our  own  seas.    With  regard  to  this 
pointy  he  says:  "We  have  in  the  case  of  Mercury  (as  in 
Mars)  a  world  which  is  sufficiently  diverse  from  our  own, 
which  receives  light  and  heat  from  the  sun,  not  only  in  a 
greater  amount  but  in  a  different  manner  from  the  earth ; 
and  where  life,  if  so  be  life  exists  there,  finds  conditions  so 
different  from  those  to  which  we  are  accustomed  that  \ve 
can  scarcely  imagine  them.    The  perpetual  presence  of  the 
sun  almost  vertically  above  certain  regions,  and  its  perpet- 
ual absence  from  other  regions,  appears  to  us  to  be  some- 
thing intolerable.    But  we  must  recollect  that  such  a  con- 
trast should  produce  an  atmospheric  circulation  which  is  at 
t:he  same  time  stronger,  more  rapid  and  more  regular  than 
'that  which  sows  the  elements  of  life  on  the  earth,  and  that 
on  this  account  it  may  come  about  that  an  equilibrium  of 
^(remperature  is  produced  over  all  the  planet  which  is  far 
mnore  complete  than  with  us." 

The  foregoing  is  a  very  brief  summary  derived  from  the 
'Smportant  and  elegant  papers  which  have  already  been  pub- 
Hished  in  advance  (^  the  mor^  elaborate  memoir,  in  which 
^Professor  Schiaparelli  will  discuss  all  his  observations  for 
^hc  nine  years  1881-1889.  As  early  as  1882  M.  Schiapa- 
^s^lli  announced  to  one  of  his  correspondents  (M.  Terby)  his 
discovery  in  the  verses  which  follow : 

Cyntbiw  ad  exemplum  vetsus  Cyllenius  axe 
Sternum  noctem  sustinet^  atque  diem  : 
Altera  perpetuo  fades  comhuritur  testra, 
Abdita  pars  tenebris  altera  sole  caret. 

In  1888  Professor  Schiaparelli  asked  the  attention  of  the 
astronomers  of  the  Lick  Observatory  to  the  inferior  planets, 
and  Mr.  Schaeberle,  Mr.  Barnard,  and  myself  have  observed 
Venus  and  Mercury  in  the  day-time  on  a  very  great  number 
of  occasions  with  the  Meridian-Circle  and  with  the  twelve- 
inch  equatorial,  but  with  little  success.  For  reasons  which 
I  have  given  in  full  in  the  Hand-Book  of  the  Lick  Observa- 
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tory  (page  26)  we  shall  never  be  able  to  make  delicate  ob- 
servations in  the  day-time  at  Mt.  Hamilton.  A  station  on 
one  of  the  very  small  coral  islands  of  the  South  Pacific 
Ocean  has  the  very  best  coi^itions  for  this  class  of  observa- 
tions, and  a  mountain  Observatorj-  has  the  very  worst.  On  • 
only  one  occasion  during  the  past  two  years  was  it  worth 
while  to  turn  the  great  telescope  upon  Venus  in  the  day-time, 
and  for  a  very  few  moments  the  view  was  somewhat  better 
than  it  had  been  in  the  twelve-inch.  If  the  observations  < 
M.  SchiaparelH  require  confirmation  an  expedition  to  one  e 
the  smaller  atolls  of  the  Pacific  ^vould  yield  the  surest  ana 
the  quickest  results.  E.  s 
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This  curious  phenomenon,  always   accompanying  total 
and  annular  eclipses  of  the  sun,  is,  if  carefully  observed,  one 
of  the  most  striking  of  the  many  phenomena  visible  on  such 
occasions,  and  as,  to  my  mind,  no  satisfactory  explanation' ■ 
has  been  advanced  for  its  production,  and,  inasmuch  as   I  j 
have  studied  carefully  at  three  different  eclipse  occurrences  '' 
its  formation,  I  have  thought  that  a  short  paper  on  the  sub- 
ject might  not  be  wholly  uninteresting  to  the  readers  of  The 
Sidereal  Messenger.  * 

When  the  moon,  advancing  eastwardly  over  the  sun,  has 
reduced  the  sun's  eastern  limb  to  a  very  narrow  crescent,  it 
suddenly  breaks  up  into  many  luminous  objects  extending 
from  end  to  end  of  the  crescent,  and  bearing,  sometimes,  so 
strong  a  likeness  to  a  string  of  beads,  that  they  have  re- 
ceived the  name  of  "Bailey's  Beads,"  because  first  accurate- 
ly described  by  Mr.  Francis  Bailey  in  1836.  though  seen 
long  before  by  Halley  and  others.  Some  four  or  five  seconds 
before  the  advancing  moon  uncovers  the  western  limb  of  the 
sun,  they  are  in  like  manner  produced  at  that  edge  of  the 
disk,  and  present  nearly  the  same  appearance  as  at  the 
eastern  Umb. 

For  a  long  time,  perhaps  quite  naturally,  the  cause  as- 
signed was  the  visibility  of  the  sun  through  the  interstices  of 

Diiretor  of  Wurnec  Ub«rvntory.  Rochoter,  N.  V. 
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the  lunar  mountains.  This  theory  was,  until  recently,  from 
its  very  simplicity,  received  with  almost  universal  credence, 
though  after  three  or  even  two  careful  observations  of  this 
phenomenon,  I  think  no  astronomer  would  endorse  it,  as 
the  idea  that  twenty  or  thirty  lunar  mountains  are  so  even- 
ly spaced  and  so  precisely  alike  as  to  so  admit  the  passage 
of  sunlight  that  they  shall  produce  contours  so  alike  and  so 
svmmetrical  is  not  tenable. 

Perhaps  I  cannot  do  better  than  to  reproduce  my  descrip- 
tions of  them  as  observed  at  Denver,  Colorado,  in  1878  (as 
reported  to  Professor  Colbert  and  published  by  the  Chicago 
Astronomical  Society  in  that  year,)  and,  also,  as  seen  at 
Nelson,  California,  on  January  1,  1889. 

**  Several  seconds  previous  to  the  formation  of  the  beads,  I 
observed  near  each  end  of  the  solar  crescent  a  phenomenon 
which  I  have  never  seen  described  in  any  of  the  books,  and, 
though  reminding  me  of  the  **  Black  Drop'*  which  I  saw  at 
the  last  transit  of  Mercury,  vet  it  was  verv  different  from 
the  latter.  Please  allow  me  to  describe  it.  Imagine  a  long 
and  very  narrow  crescent  cut  in  a  door  between  two  rooms, 
one  dark,  the  other  brilliantly  lighted,  the  observer  being  in 
the  dark  one.  The  appearance  was  as  if  two  concealed  per- 
sons in  the  lighted  room,  one  on  each  side  of  the  crescent, 
were  busy  in  protruding  and  then  withdrawing  a  series  of 
long,  slim,  opaque  objects  like  writing  pencils.  Only  twice 
did  I  see  the  images  appear  opposite  each  other,  as  is  al- 
ways the  case  with  the  black  drop.  These  appearances  con- 
tinued for  about  two  seconds  and  then,  after  ceasing  for  a 
second,  recommenced  farther  from  the  end  of  the  sun's 
limb,  now  reduced  to  a  much  narrower  crescent,  but  the  im- 
ages were  shorter  and  larger  and  more  irregular  in  size. 
This  lasted  only  about  a  second  and  again  ceased  as  if  wait- 
ing for  a  grand  denouement^  and  then  came  the  formation  of 
Bailey's  Beads,  beginning  simultaneously  at  each  end  of  the 
crescent,  now  only  a  curved  line  of  silver  light,  and  regular- 
ly and  quickly  meeting  at  the  center  they  seemed  to  give  a 
succession  of  quivers  and  instantly  vanished. 

These  luminous  beads  appeared  to  be  square  (trapezoidal) 
and  from  the  center  each  way  decreased  in  a  regular  geomet- 
rical ratio,  and,  could  one-half  of  them  have  been  superim- 
posed upon  the  other,  they  would  have  agreed  in  curvature. 
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se,  distance,  shape  and  brillianey.    When  I  take  into  con- 

kideration  the  exact  uniformity  of  their  formation  as   to 

[time  and  the  other  similarities  above  noted,  I  cannot  sub- 

rribe  to  the  generally   received  opinion  that  they  are  the 

i  light  seen  through  the  interstices  of  the  lunar  raoun- 

1,    The  intelligent  reader  will  not  be  slow  to  conceive 

|iow  serious  and  numerous  are  the  objections  against  receiv- 

true  so  improbable  a  theory,    especially    as  those 

brmed  at  the  beginning  are  precisely  like  those  at  the  end  of 

Btality." 

The  following  report  to  Professor  E.  S.  Holden,  now  in- 

[porporated  in  Lick  Observatory  Eclipse  volume,  gives  their 

pppcarance  as  seen  from  my  station  at  Nelson,  California, 

nrhich  was  as  unlike  that  of  my  former  observation  as  two 

Rhiags  can  well  be,  I  quote  from  a  manuscript  which,  in  its 

pnal  revision,  was  slightly  changed : 

"  BAILEV'S  BEADS." 

"  There  has  been  much  speculative  writing  concerning  this 
lingular  and.  at  times,  beautiful  phenomenon  observed  at 
'  every  total  and  annular  eclipse  for,  at  least,  a  century.    The 
usually  assigned  cause  is  the  shining  of  the  sun  through  de- 
pressions between  lunar  mountains,  a  theory  which,  when 
I  compared  with  ob8er\'ed  facts,  has  no  support.     As  I  saw 
them   in   1878,  every    one    was    trapezoidal  in  shape  and 
diflered  in  size  only,   being  mere  points  at  each  end  of  the 
cresent,  but  increasing  gradually  and  regularly  towards  its 
center.    At  the  California  eclipse  they  bore  no  resemblance 
to  those  seen  at   Denver,   for.   instead  of  being  trapezium 
shaped  they,  at  both  second  and  third  contacts,  resembled  a 
cur\'ed  series  of  dotted  i's  or,  more  exactly  the  letter  a  (dot 
and  dash)  of  the  Morse  telegraphic  alphabet,  thus :  .  —  .  — 
.  —  .  —  .  — .     Professor  Charles  A.  Schott  says  of  those  seen 
in  1869,  "I  would  particularly  notice  their  great  regularity 
Mr       iu  width,  outline  and  distribution."    Professor  D.  G.  Eaton 
^^Kfiays,  "Bailey's  beads  were  very  conspicuous.    Just  before 
^^Htotality  the  thin  cresent  was  broken  by  dark  lines  sbootiag 
^^^Pout  from  and  perpendicular  to  the  edge  of  the  moon." 
^^^      From  the  above  quotations  added  to  obser^-ations  of  my 
own,  I  am  irresistibly  led  to  the  conclusion  that  they,  like 
or  of  the  protuberances,  are  not  seen  aUke  by  all,  and 
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that  the  true  cause  has  never  been  arrived  at.  Were  I,  how- 
ever, to  hazard  an  opinion,  it  would  be  that  they  result  from 
a  phenomenon  closely  allied  to,  if  not  identical  with,  that 
causing  the  "Black  Drop."  It  is  also  quite  likely  that 
diffraction  may  have  much  to  do  with  it  and  possibly  may 
be  its  sole  cause.  Were  the  usually  assigned  reason  the 
true  one,  as  there  are  mountains  all  round  the  moon,  then, 
on  the  occasion  of  an  annular  eclipse,  when  the  moon  so 
nearly  equals  the  sun  in  size  as  to  render  the  annulus  ex- 
ceedingly narrow,  the  ** Beads"  should  be  seen  all  round 
the  moon.  Again,  .long  before  a  total  phase  is  reached, 
the  ends  of  the  crescent,  all  the  time  reduced  to  a  hair-like 
fineness,  ought  to  reveal  them,  which  is  not  the  case." 

On  both  of  the  above  occasions,  the  same  telescope  and 
eye-piece  were  used,  viz:  A  power  of  35  on  a  4?V&  inch 
achromatic  contracted  to  three  inches.  At  the  Denver 
eclipse,  when  the  two  supposed  intra-mercurial  planets  were 
discovered  I  believed  and  published  that  the  magnifying 
power  used  was  25.  Several  months  afterward  a  measure- 
ment showed  it  to  be  35.  I  had  misunderstood  Mr.  Gund- 
lach,  its  maker,  who  says  he  informed  me  correctly  of  the 
power. 

Warner  Observatory,  Rochester,  N.  Y.,  March  18,  1890. 
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G.  W.  HOUGH.' 
For  The  Mbmbnobb. 

Id  the  Jewelers'  Journal  and  Horological  Review  appears 
an  article  entitled,  **  U.  S.  Government  System  of  Observa- 
tory Time,"  by  Lieutenant  Hiero  Taylor,  U.  S.  Navy.  The 
following  statement  is  made:  "The  Naval  Observatory  was 
the  p/oneer  in  the  distribution  of  time.  Other  observatories 
have  since  made  it  a  part  of  their  work,  and  have  given,  so 
far  as  is  known,  satisfaction  to  the  localities  of  which  they 
are  the  time  centers.  In  a  number  of  cases  they  make  use  of 
the  system  which  has  been  adopted  at  the  Naval  Observa- 
tory. This  system  and  the  methods  by  which  its  objects  are 
accomplished  are  known  as  the  Gardner  System  of  Observa- 

*  Director  of  Dearborn  Observatory,  Northwestern  University,  Bvanston,  HI. 
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tory  Time.    It  has  been  adopted  by  the  Government  for  its 
time  balls  and  time  signaling  service,  as  it  is  the  simplest 
and  most  certain  known  for  the  automatic  distributiou, 
time." 

I  think  if  the  writer  of  the  above  paragraph  had  niai 
little  inquiry'  as  to  what  had  been  done  by  other  Obsei 
tories  in  the  United  States  in  the  matter  of  furnishing  time 
to  the  public,  he  would  probably  have  been  more  careful  in 
his  statement. 

The  time  service  of  to-day,  like  everything  else,  has  been  a 
gradual  development,  beginning  wjth  the  inventia\i  of  the 
telegraph . 

The  first  step  was  the  transmission  of  signals  for  longi- 
tude; the  second,  the  automatic  transmission  of  signals  by 
means  pf  a  clock  and  the  invention  of  the  chronograph, 

It  is  not  my  purpose  to  give  a  detailed  history  of  the 
gress  of  time  distribution  in  the  United  States  but  sii 
state  what  was  done  at  one  Observatory. 

In  the  years  ISoG-fiS  Dr.  B.  A.  Gould,  Director  of  the 
ley  Observatory,  at  Albany,  N.  Y.,  arranged  with  the 
York  Central  Railroad  for  a  time  service,  and  procured 
necessarj'  clocks  and  other  apparatus.  Owing  to  Dr. 
Gould's  retirement  from  the  Observatory,  the  system  was 
never  put  in  practical  operation.  When  I  went  to  the 
ley  Observatory  in  the  year  ISGO,  I  found  two  clocks 
vided  with  cams  and  electrical  attachments  for  setting 
hands,  daily  or  hourly.  I  believe  this  method  was  the 
vention  of  Moses  G.  Farmer.  The  same  plan  is  now  in 
eral  use  with  some  slight  modification  in  mechanical 
struc'tion.  I  also  found  a  signal  clock  with  a  disk  in 
second's  hand  shaft  having  a  single  notch,  so  that  at 
matic  signals  could  be  transmitted  once  each  minute. 

In  the  year  1859-60  time  balls  located  in  New  Y'ork 
and  on  the  Capitol  in  Albany  were  dropped  at  noon  of 
day  by  means  of  signals  sent  from  the  Dudley  Obscrvati 
The  signals  were  sent  by  hand.    The  New  York  time 
was  soon  after  discontinued. 

In  the  year  1861  I  put  the  necessary  connections  in  a 
mean  time  clock  so  that  a  signal  would  pass  only  once  in 
twenty-four  hours,  and  so  arranged  with  switches  that  it 
could  be  sent  in  any  hour  or  minute.    This  clock  was  used 


plest 
;r^^* 


als  by 

1 
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for  dropping  time  balls,  located  in  the  Capitol  and  at  the 
foot  of  State  street  in  the  city  of  Albany.  This  method, 
jnrhich  was  entirely  automatic,  was  in  use  for  a  couple  of 
years,  when  the  ball  in  the  Capitol  was  discontinued.  It 
was  found  from  experience  that  the  time  balls  were  of  com- 
paratively little  use  to  the  public. 

In  the  year  1864  I  arranged  a  mean  time  clock  to  send 
automatic  signals  hourly,  or  more  frequently  if  necessary. 
As  I  believe  this  system  of  signals  was  among  the  first  ever 
devised,  it  may  be  desirable  to  state  definitely  what  they 
were.  The  necessary  mechanism  was  placed  in  the  mean 
time  clock  so  that,  on  the  fifty-ninth  and  sixtieth  minutcH 
of  each  hour,  the  circuit  was  opened  and  closed  every  two 
seconds  from  the  fiftieth  to  the  sixtieth  second.  The  break» 
in  clock  beats  were  about  one  half  second  in  length.  The 
system  was  especially  arranged  in  this  manner  so  that  time 
could  be  sent  over  a  line  of  telegraph  without  interfering 
with  the  ordinary  commercial  business,  except  during  the 
twentN'  seconds  in  each  hour  when  the  signals  were  pasHing. 
The  signal  in  the  fifty-ninth  minute  called  the  attention  of 
the  operator  so  that  time  could  be  taken  in  the  folU^wing 
minute.  In  case  a  message  was  being  transmitted  when  the 
clock  signals  were  passing  over  the  line,  it  was  only  neci'H- 
sary  to  stop  sending  during  the  ten  seconds,  after  which  th<' 
message  could  be  resumed. 

This  system  was  first  put  in  ofKrration  on  a  line  of  U'U'^ 
graph  connecting  the  Observatory  with  a  jeweler  in  th#r  rity 
of  Albany. 

In  the  year  18G6  the  Western  Union  Td^gr;iph  (i'fUi\r*iny 
put  the  Dudley  Observatory  on  a  commerci^jl  v/in-  'onn^'/ 1. 
ing  the  cities  of  Albany.  Troy.  et/;..  ^,rA  c^nnmmt'u  uurr/  //'$*)» 
the  general  Western  ^inion  office  ^tjI  th';  r^iIro^j/1  oii^f'%  in 
thecitv  of  Albanv.    And  irom  !'->/;  V/  1^7^  Uth  *v««/'f/i  oi 
time  distribution  wa%  :n  *'30'.^!::**f"!  ojy-r^riori  u\  th^  In^lU  / 
Observatory.    At  cooti  o:  t^cr.  ri^y  ♦,?>:  t;rr*^  v/^i*  vr**  \r/  *)>* 
central  office  over  tl->t  ns^sin  *j^4rH\/u  ^ir>^,  \u  *^f^r-/  Oir^-^ 
tion.    From  l%ol>  to   1*^>>  t'v:  rry;>/  ^/'/*^-rm*//r /   Mr/i^ 
was  used  on  the  XerT^r  Vori  ^l^.^rnl  i%rA  Hv)v/r*  V»'^^r  fu\\ 
roads,  and  subscqtaKi^  'V^  V*\*/*  or,  >.7,  tr>:  rj^Jf^/^/J  i;r>»  f^u 
tering  in  Albany     Ir:  1**^^  vu^  0''>vrrr*V/r/   //;j4  *'ft*s*^f  ^»'J 
with  the  fire-alsra  o^ot  ^  tr.^  'X*,-*  o^  AT'/^r,/   ♦//  -^fh^rth  *f»^ 
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clock  signals  were  also  transmitted.  The  fire-alarm  office 
provided  mechanism  for  striking  the  church  bells  at  9 
A.  M.  and  9  p.  m.  daily  on  Observatory  time. 

The  foregoing  facts  and  dates  may  be  found  in  the  Annals 
of  the  Dudley  Observatory",  Vols.  I  and  II. 


AN    APPROXIMATE    SOLUTION     OF    EULER'S    EQUATION     FOR 

PARABOLIC    MOTION. 


O.  C.   WENDELL.* 
For  Thr  Mbssbngbr. 

The  form  in  which  Euler's  equation  to  be  solved  by  trial, 
is  given  in  Watson's  Theoretical  Astronomy,  is  expressed  in 
the  following  six  equations : 

T  =  k{r-t)  v  =  — ^^ 

(r  +  r")  "2 

The  method  usually  adopted  in  the  case  of  a  first  orbit,  as 
is  known,  is  to  assume  (r  +  r")  equal  to  2  and  then  to  solve 
the  above  equations  several  times  in  succession  until  the 
desired  result  is  reached,  but  when  a  number  of  trials  are 
neccessary,  as  is  generally  the  case,  and  especially  when  the 
problem  converges  slowly,  the  process  becomes  laborious 
and  consumes  considerable  time.  A  very  short  abridgement 
leading  to  a  close  result  as  a  first  assumption  I  have  found 
in  the  following  way : 

If  in  equation  4  we  substitute  the  value  of  k  as  given  in 
equation  3,  we  have 


=1^ 


Then,  assuming  that /i=l  and  that  r  and  r"  are  equal  we 
have: 

i 


rf=|2(p!_4. 


(1) 


an  equation  in  which  r  is  the  only  variable. 
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Again  Equation  5  of  the  original  equations  can  be  better 

Iransformed  as  follows : 

d+c 

— J—  is  the  sine  of  an  angle,  ^  suppose,  of  which  B  is  the 

crosine,  the  angle  being  formed  by  the  comet's  radius-vector 

^nd  a  perpendicular  let  fall  from  the  sun  upon  a  line  joining 

-^he  comet's  with  the  corresponding  earth's  place. 

d  +  c 
Then  we  have  -j-p-  =  tan  <p        (2) 

.sind  r=J5secsp       (3) 

By  solving  the  last  three  very  simple  equations  twice  with 

^n  assumed  value  of  r  at  the  beginning  and  then  making  use 

a"^ 

of  ordinary  correcting  formula  q  =■  q^' -, where  a 

a  "~"  a 

^xr^resents  the  difference  between  the  first  and  second  and  a' 
iDetween  the  second  and  third  values  of  r,  a  close  approxima- 
"tion  to  r  is  reached  by  a  very  few  minutes  labor  for  use  in 
'^he  more  complete  formulae.  In  these  trials  only  three  or 
<X)ar  place  logarithms  need  be  used.  I  have  employed  this 
abridgment  with  advantage  in  several  orbits,  the  most  ex- 
'treme  case  being  that  of  the  orbit  of  Barnard's  comet  dis- 
covered July  7,  1885. 

My  assumption  for  r  Was  1,  or  0.000  for  log  r.  Two  so- 
lutions, however,  of  the  above  equations,  with  the  addi- 
tional use  of  the  correcting  formula,  above  mentioned,  gave 
me  0.4O  for  log  r  or  2.5  for  r  itself,  the  exact  value  of  the 
mean  of  the  two  radii-vectores  being,  as  subsequently  de- 
termined, 2.5230. 
Harvard  College  Observatory,  March  8,  1890. 


Temperature  of  the  Moon,  from  studies  at  the  Alleghany  Observatory 
by  Professor  S.  P.  Langley,  with  the  assistance  of  F.  W.  Very.    We  have 
been  favored  by  a  copy  of  Part  2,  Vol.  IV.,  National  Academy  of  Sciences, 
third  memoir,  entitled  "The  Temperature  of  the  Moon,'*  and  also  a  copy  of 
a  paper  published  in  the  American  Journal  of  Science  in  December,  1889, 
vhich  is  supplementary  to,  and  completes,  the  investigation  of  1883,  and 
^ntinued  for  the  next  four  years.    The  principal  conclusion  drawn  from 
lis  most  intricate  and  long  continued  research,  is  that  the  mean  tempera- 
re  of  the  sunlit  lunar  soil  is  much  lower  than  has  been  supposed,  and  is 
tst  probably  n«»t  greatly  above  zero  Centigrade.    The  attention  that 
9e  excellent  papers  have  attracted  in  foreign  scientific  journals  is  very 
tering  to  the  author  and  is  justly  the  pride  of  American  scholarship. 
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CURRENT   CELESTIAL  PHENOMENA, 


THE  PLANETS, 


Alerciiry,  passing  llirough  * 


tile  e: 


ipenor  conjui 


I    April   9.  will    I 


;  during  the  enriy  part  of  the  month  of  April-    On  MajS 


wilt  b«  at  greatest  elongation  east.  21''18'  from  the  sun.  The  declinntion 
of  the  planet  at  this  elongation  will  be  abmit  2*''  north,  so  that  it  will  be 
in  a  most  favorable  position  for  olwervation.  It  will  be  seen  in  the  wwt 
for  several  evenings  from  Si"  to  S"",  n  little  north  of  the  west  point  of  the 
horizon,  not  far  from  the  Pleiades  and  the  red  star  Aldebaran.  The  latter 
part  of  this  month  will  be  a  most  favorable  time  for  the  studv  of  the  sur- 
face of  Mercury  in  full  sunlight,  with  the  aid  of  a  telescope.  Probably  tin- 
best  views  can  be  had  lietween  5  and  7  p.  x.  The  diameter  of  Mcrcunr's 
disk  will  vary  from  5.2",  April  15.  to  10",  May  5. 

Veuas  may  also  be  seen  in  the  west  in  the  evening  from  S  to  9.  and  is  in 
excellent  position  for  daylight  obscrvatioiis  of  the  gibbous  phase.  The 
diameter  of  her  disk  will  increase  from  10"  to  11".  while  the  illuminated 
portion  of  the  disk  decreases  from  0.970  to  0.927.  Venus  and  Mercury  will 
l>e  in  conjunction  April  25  at  10  p.  ti..  Mercury  being  2°ti4'  north  of  Venus. 
They  will  be  in  conjunction  again  May  10  at  I  4.  X.,  Mercury  being  I'tS' 
north  of  Venus.  On  May  5  at  .1  .4.  m.  Venus  and  Neptune  will  be  in  can- 
junction.  Venus  north  2°02'.  We  shall  have  thus  three  planets  in  tbt  eamt 
portion  of  the  sky,  two  of  which,  though  small,  are  so  near  aa  to  be  visible 
to  the  unaided  eye.  the  other,  though  much  larger,  so  distant  as  to  be  in- 
visible to  the  eye  and  very  faint  in  the  telescope. 

Afars  will  be  best  seen  toward  the  south  about  midnight.  He  is  nmong 
the  bright  stars  in  the  constellation  of  Scorpio,  a  little  northeast  uf  the  ml 
star  Antares.  He  will  Iw  in  conjunction  with  the  moon  April  9,  fi  a.  x., 
n'45'  south  of  the  latter,  and  again  May  6,  2,  p.  m..  1°-14'  sooth.  On  May 
1  Mars  will  be  about  54,000,000  miles  distant  from  the  earth ;  his  appar- 
ent diameter  will  be  17,2"  and  his  phase  0.969. 

Jupiter  is  still  among  the  faint  stars  of  Capricorn,  visible  in  ibc  south- 
east in  the  morning.  His  apparent  polar  diameter  on  May  1  will  he  37,6". 
Jupiter  will  be  at  quadrature,  90°  west  from  the  sun,  at  midnight  April  30. 
We  give  this  month  tables  of  the  phenomena  of  the  Satellites,  but  have  at 
hand  no  ephemeris  for  tlw  transits  of  the  great  spot. 

Saturn  will  be  at  (|undrature,  90°  east  from  the  sun.  May  18.  He  is  in 
t'xcetlent  position  for  observations  in  the  early  evening,  situated  in  the  cou- 
stellation  of  Leo  near  the  bright  star  Regulns.  The  angle  between  the 
plane  of  Saturn's  rings  and  the  line  joining  the  centers  of  earth  and  SAturn 
will  be  at  its  greatest  for  this  opposition.  11°20',  in  May.  The  apparent 
major  axis  of  tlie  outer  ring  will  then  be  +1"  and  the  minor  axis  8". 

Uranus  will  be  at  apposition  to  the  sun  April  14-.  and  therrfbrr  in  posi- 
tion to  be  observed  during  the  whole  night.  He  is  in  the  constellation  of 
Virgo  about  one  third  of  the  way  from  Spica  to  Kappa  Virginis. 

Neptune  will  be  too  low  in  the  west  to  be  well  seen.  It  will  be  in  con- 
junction with  Menrury,  about  4°14' south  of  the  latter,  on  May  Sat  4  KM^ 
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d  in  conjunction  with  Venus  2^02'  south,  on  May  5  at  3  a.  m.    Neptune 
3fc  in  Taurus  about  hall  way  between  the  Pleiades  and  the  Hyades. 

We  give  this  month  the  places  of  the  four  planetoids  Ceres,  Pallas, 
^Ksno,  and  Vesta,  taken  from  the  "Companion  to  the  Observatory"  for 
S90.    These  are  given  at  intervals  of  twenty-four  days  near  the  time  of 
pposition.    The  "  Berlin  Jahrbuch  '*  for  1892,  which  gives  the  daily  places 
f  the  planetoids  in  1890,  has  not  yet  come  to  hand.    The  opposition  of 
esta  occurred  January  18;  Pallas  will  be  at  opposition  April  29,  Ceres 
17,  and  Juno  May  26. 

MERCURY. 

R.  A.  Decl.  Rises.  Transits.  Sets. 

1890.  hm  ^      '  hm  hm  hm 

il25 3  18.1  +20  18  5  34  a.m.  1  03.2  p.m.  8  32  p.m. 

ay     5 4.  16.0  +23  56  5  34    **  1  21.5    "  9  09 

15 4  43.8  +23  54  5  23    "  1  09.8    **  8  57 

VENUS. 


MARS. 


SATURN. 


URANUS. 


NEPTUNE. 


it 
it 


ril  25 3  18.9    +18  19  5  44  a.m.         1  03.8  p.m.  8  23  p.m. 

ay.    6 4  09.4    +21  27  5  40    *•  1  14.8    **  8  49 

15 5  01.5    +23  37  5  42    **  1  27.6    '*  9  13 


ii 


^April  25 16  47.0    —22  30       10  02  p.m.  2  29.7  a.m.         6  58  a.m. 

^^ay    5 16  42.5    —22  50  9  20    '*  1  46.0    **  6  12    " 

15 16  32.8    —23  02  8  32    "  12  5r.O    "  5  22 


(i 


JUPITER. 

^pril  25 20  50.9    —18  08  1  49  a.m.  6  37.3  a.m.  11  26  a.m. 

^ay    5 20  55.0    —17  53         1  12    "  6  01.8    "  10  52    ** 

15 20  57.6    —17  45        12  35    "  5  25.0    '*  10  16  a.m. 


April  25 9  59.3    +14  05        12  42  p.m.  7  43.2  P.M.         2  44  a.m. 

Itfay    5 9  59.4    +14  04       12  03    "  7  04.0    **  2  05 

15 10  00.3    +13  57        11  25  a.m.  6  25.5    **  1  26 


it 


April  25 13  30.5    -   8  49  5  45  p.m.        11  13.8  a.m.  4  42  a.m. 

May     5 13  29.0    -  8  40  5  04    **  10  33.0    "  4  02    ** 

15 13  27.6    -   8  32         4  23    "  9  52.3    '*  3  22    " 


April  25 4  05.8    +19  14  6  27  a.m.  1  50.8  p.m.  9  15  p.m. 

May     5 4  07.2    +19  19  5  49    **  1  12.9    "  8  37 

15 4  08.7    +19  23  5  10    "  12  35.1    "  8  00 


it 

tt 


THE  SUN. 

April  25 2  12.6    +13  21          4  59  a.m.  11  57.8  a.m.  6  56  p.m 

May     6 2  50.8    +16  24         4  45    **  1156.5    "  7  08    *' 

15 3  29.8    +18  59          4  32    **  11  56.2  a.m.  7  20    '* 

CERES  (1) 

April  17 16  08       —12  47          9  11  p.m.         2  28  a.m.  7  35  a.m 

May  11 15  50       —12  43          7  18    "  12  30    "  5  42    *• 

PALLAS  (2) 

April    5 15  35       +18  07          7  22  p.m.         2  41  a.m.  10  00  a.m 

29 15  24       +23  43          5  05    •*  12  51    "  8  37 

May  23 16  04       +26  11          2  57    "  10  57  p.m.  6  57 


t( 
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Jl-NO   (3) 

181.(1, 

h    "m              "     ■■             11      .1.                      h      m                      h     m 

ApriJ    S... 

....16  53       —7  31         ll)2lil.M.         3  54  A.M.              9  2S  A.M. 

29... 

....16  46       -5  25          «3fJ    ■>            2  12    "                 7  5*    " 

May  23... 

....16  28       -3  40           6  3*    ■■          IJ  21     "                6  10    ■' 

VESTA  (41 
....   8  59        +25  31         10  19  A.m.         «  15  i-.m.              2  11  A.M. 

April  17... 
May  11... 

...    8  2'J        +23  59           9  22  ■■             r>  Id    "              12  58    " 

THE  MOOS. 

April  ao... 

....   3  08.5    +14  30          6  ()7  a.m.          1   13.3  p.m.          S  27  eM^  ,, 

25,.. 

....7  38.6    +23  55          9  21    '"             .t  22,0    ■'              123u|^ 

30... 

....11  4«.9    +6  49          2  25l'.M.         9  12.8    "              3  4a^^B 

Mny    IS... 

....16  UU.6     -19  10          ^16    "             114.2  A.M.          6  OS^^H 

10... 

....20  27.0     -22  32        12  38  a.m.         5  15.9    "              9  fiO^^H 

15... 

....  1  00.1    +  1  48         3  10    "           9  32.8    -            3  SS^^H 

FTht  a 

IMVC  tallies  give   local    liin»  far  Ihc  Central    Mcri.tlan  and   <>t^^H 

Minima  of  Vaciable  Stan  of  the  Algol  Type.                   ^^H 

R.  A.              D^l.  ,              A|i]>ri>i.  Ctatcal  Time*  at  UIdIuM^^H 
0  52  32    +8117    Apr.  19.8  P.M.:  24,  8  P.M.:  29,  7  l^^H 

V  Cephti,, 

Mav  4.  7  r.M.:  9.  7  p.  m.              ^^H 

SCancri... 

6  37  39    +19  2(;    Mav2,  Sp.  M.                                      ^^H 

S  Libne.... 

1 J  55  Q]S    —    K  05    Apnl20  8p.u.:  27  8  F.M.;30,4.^^^| 

^                           Mav7.  3  a.  H.:  14.  3  a.  u.            ^^M 

IlCoronic 13  13  43    +32  03    April's^  3  A.  U.;  :£9,  1  a.U.;  Mayl^^H 

p.  H.:  12,  8  p.  M.                           ^^m 

I'Ophiuchi 17  10  56    +    120    Anril  18.  2  a.  m,:  IK.  10  p.  u.:  23.^^H 

M.:23.  10  p.m.;  28,3  a.m.;  28,  ^^H 

H.;  Mav3.  3a.u.:  3, 11  p.M.;dj^^H 

^^1 

Ccntrnl  Time.                                                        Ccnlrul  Tlnu.                 ^^^| 

m.                                                                                                                    ^^^M 

April  le- 

423a.m.,III.   Ec.  l>is.        Mny    4...  1  16  a.m.,  III.    Sh.  ^^H 

al... 

4  26      -'         1       ■■      '■                                4  50     "     111.    Sh.  ^^H 

ai*„. 

2  32     ■■      n.    Tr.  Bn-                   0...  2  15     "      11.     "    ^^M 

3  02     -'         1.    Tr.   III.                      T...   2  42     "         I.    Be.  ]^^H 

4  02     -'        1.    Sh.  Ek.                   H...  1  17     "        1.    Tr.  ^^1 

5  22     ■'         1.    Tr.  Bs.                             2  18     ■'         1.    Sh.  &^ 

23... 

2  32     "        I.    flc.  Re.                              2  37     "       It.    Oc.  Re. 

27.,, 

3  38     ■■     Til.    Tr.  In.                               3  37     "         I.    Tr.  Eg. 

2  47     •'      IV.    Ec.  Dis.                     9.. ,12  49      "         I.    Ok.  Kc. 

29... 

,  2  17     ■•       11.    Tr.  In,                     13...   1  09     "      IV.    Ec.  Be. 

2  30     •■       11.    Sh.  Ek                    15,. -12  31      •■     111.    Oc.  D». 

3  35     ■'         I.      ■■      ■■                                1  50     ■■         I.    Sh.  In. 

3(1... 

4  27     ■■         1.    Oc.  Kc.                              3  09      ■■         1.    Tr.  In. 

OceuliationB  Visible  at  Washington. 

TSi     -nx'  ^^^.'^^v.'"  isif^/'r^-^  « 

April  22,. 

-lOSTauri 6                7  30         llli)          8  3*2        189          I  o" 

23.. 

.1  Gcminomm.  5              9  11        1 2K         9  59       239         0  M 

25., 

.82          ■•             6V>            8  30         mt          9  47       281           lU 

May  13.. 

.B.A.C.  17 6            15  16          It       13  51       SOU         0«A«| 
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Phases  o!  the  Moon. 

Central  Tim 

c. 

d 

h      m 

New  Moon 

1890    April 

19 

2  06  A.  M. 

First  Quarter 

ti          t« 

26  10  52  P.  M. 

Full  Moon 

'*       May 

4 
11 

3  09  P.  2M 
10  22  A.  M 

1. 

Last  Quarter 

<«          «( 

[. 

Apogee 

•'      April 

26 

Noon. 

Perigee, 

Eph 

**       May 

8 
es. 

+  24.  p.  M 

[. 

emerides  of  Saturn's  Satellit 

[Compat«Hl  b>  A. : 

Vfarth.  MoDthly  Notices  U.  A.  8.,  vol.  l.  No.  : 

1,  p. 

57.    Reduced 

to  Central 

Time.] 

Apr.  15    1.2  p.  m. 

Rh.  w. 

Apr.  34 

10.6  p.  m.    En.  n. 

May 

5  11.2  a.  m. 

DI.  n. 

6.0  p.  m. 

Mi.  n. 

25 

8.6  a.  m.    Te.  8. 

1.1  p.  m. 

Ml.  n. 

10.1  p.  m. 

Te.  8. 

3.U  p.  ni.    En.  8. 

5.8  p.  m. 

Te.  n. 

16    7.4  a.  m. 

Di.  n. 

3.5  p.  m.    Mi.  8. 

8.9  p.  ra. 

Rh.  e. 

4.1  p.  m. 

Rh.  «. 

5.0  p.  in.    Rh.  8. 

«    2.1  p.  m. 

En.  8. 

4.7  p.  m. 

Mi.  n. 

9.3  p.  ni.    Di.  8. 

4.5  p.  ro. 

Te.  H. 

5.3  p.  m. 

En.  n. 

10.2  p.  m.    DI.  ed.? 

8.1  p.  m. 

DI.  8. 

8.7  p.  ni. 

Te.  n. 

20 

7.2  a.  in.    Te.  n. 

9.1  p.  m. 

DI.  ed? 

17    4.1  a.  m. 

Tit.  8.  3j»" 

2.2  p.m.     Ml.  8. 

7  12.0  a.  m. 

Rh.  n. 

3.3  p.  m. 

Ml.  D. 

8.1  p.  in.     Rh.  e. 

3.1  p.  m. 

Te.  n. 

4.2  p.  m. 

Di.  8. 

27 

5.9  a.  m.    Te.  8. 

9.6  p.  m. 

.Ml.  8. 

7.2  p.  m. 

Rh.  e. 

6.2  a.m.    DI.  n. 

nop.  m. 

En.  8. 

7.4  p.  m. 

Te.  8. 

11.2  p.m.     Rh.  n. 

8    3.2  a   m. 

Rh.  w. 

IS    1.9  p.m. 

Mi.  n. 

2S 

4.6  a.  m.    Te.  n. 

4.9  a.  ni. 

DI.  n. 

6.0  p.  m. 

Te.  n. 

3.0  p.  m.     DI.  8. 

1.8  p.  m. 

Tp.  ft. 

6.6  p.  m. 

En.  8. 

4.0  p.  m.    Di.  ed.? 

3.5  p.  m. 

En.  n. 

10.3  p.  m. 

Rh.  n. 

29 

2.3  a.  m.     Rh.  w. 

8.2  p.  in. 

.Ml.  H. 

19    l.l  a.  m. 

DI.  n. 

3.2  a.  m.    Te.  8. 

9    6.3  a.  in 

Rh.  8. 

•    4.7  p.  m. 

Te.  8. 

11.8  p.  ra.    Di.  n. 

12.4  p.  m. 

Te.  n. 

20    1.4  a.  m. 

Rh.  w. 

30 

1.9  a.  m.    Te.  n. 

11 

1.8  p.  ni. 

DI.  8. 

9.9  a.  m. 

Di.  8. 

• 

5.4  a.  m.    Rh.  8. 

2.8  p.  m. 

Di.  ed? 

3.3  p.  m. 

Te.  n. 

May    1 

12.5  a.  m.    Te.  8. 

6.9  p.  m. 

Mi.  8. 

7.9  p.  m. 

En.  n. 

8.5  a.  m.    Rh.  e. 

10    9.4  a.  m. 

Rh.  e. 

10.4  p.  m. 

Mi.  8. 

8.7  a.  m.    Di.  s. 

11.1  a.  in. 

Te.  8. 

!!1    -1.5  a.  in. 

Rh.  8. 

9.7  a.m.    DI.ed.? 

4.8  p.  m. 

En.  8. 

12.4  p.  m. 

En.  8. 

6.6  p.  m.     Mi.  n. 

5.5  p.  m. 

.Ml.  8. 

2.0  p.  m. 

Te.  8. 

7.0  i).  m.    En.  n. 

8.1  p.  m. 

Tit.  n.  35" 

6.8  p.  m. 

DI.  n. 

11.2  p.  m.    Te.  n. 

10.6  p.  m. 

Di.  n. 

9.1  p.  m. 

Mi.  8. 

2 

11.6  a.  m.    Rh.  n. 

11    9.8  a.  m. 

Te.  n. 

22    7.6  a.  m. 

Rh.  e 

5.2  p.  m.    Mi.  n. 

12.5  p.  m. 

Rh.  n. 

12.6  p.  m. 

Te.  n. 

5.5  p.  m.    Di.  n. 

4.1  p.  m. 

Mi.  8. 

7.7  p.  m. 

.Mi.  8. 

9.8  p.  m.    Te.  8. 

12    7.5  a.  m. 

Di.  8. 

9.3  p.  m. 

En.  8. 

3 

2.5  a.m.    Tit.  8.37" 

8  4  a.  m. 

Te.  8. 

23    3.6  a.  m. 

Di.  8. 

2.7  p.  m.     Rh.  w. 

8.5  a.  m. 

DI.  ed.? 

10.7  a.  m. 

Rh.  n. 

3.8  p.  m.    Ml.  n. 

2.7  p.  m. 

Ml.  H. 

11.3  a.  m. 

Te.  8. 

8.4  p.  m.     En.  h. 

3.6  p.  m. 

Rh.  w. 

1.7  p.  m. 

En.  D. 

8.5  p.  ra.    Te.  n. 

6.2  p.  m. 

En.  n. 

6.3  p.  ni. 

Mi.  n. 

4 

2.4  a.  m.    Di.  8. 

13    7.1  a.  in. 

Te.  n. 

24    9.9  a.  m. 

Te.  11. 

3.4  a.  m.    Di.  ed.? 

4.3  p.  m. 

DI.  n. 

12.0  p.  m. 

DI.  n. 

12.8  p.  m.     En.  n. 

6.7  p.  m. 

Hh.  K. 

1.9  p.  m. 

Rh.  w. 

2.4  p.  m.    Ml.  n. 

14    5.7  a.  in. 

Te.  8 

4.9  p   m. 

Mi.  8. 

5.8  p.  m.    Rh.  ft. 

7.5  p.  m. 

En.  H. 

9.3  p.  m. 

Tit.n.W" 

7.2  p.  m.    Te.  8. 

9.8  p.  m. 

Rh.  e. 

En.  =  Enceladn8;  Di.  =  DIone;  Jap.  =  .Tapetn8:  Mi.  =  Mima8;  Rh.  =  Rhea:  Te  = 
Tethys;  Tit.  =  Titan;  c.  =  conjunction;  e.  =  ea8tern  elongation:  w.  =  weHtern  eloujra- 
tlon;  n.  =  north  of  center  of  planet:  8.  =  8outh  of  center  of  planet.  The  coojnnctionft  of 
the  three  innermoftt  planets  with  the  ends  of  the  rlntc  take  place  in  the  case  of  .MIninH 
abon'"  3. Oh.  Enceladus,  3.2h,  Tethy8,  '^^,h  before  and  after  the  predicted  ronjun<'tionH  with 
the  center,  which  are  not  observable. 


A  New  Planetokl  Xo.  2S8  was  discovered  by  Luther  at  Hamburg,  Fel>- 
ruar>-  24..4.6o0  in  right  ascension  10^  17'"  37.1"  and  decHnation  -|-  W  53' 
20".  It  is  of  the  elevcoth  magnitude  havinij  daily  motion  in  right  ascen- 
sion —  4-8'  and  in  declination  +  6'. 

New  Minor  Planet  (289  ?).  A  new  minor  planet  of  13th  magnitude  was 
discovered  by  Charlois  March  10.34-G,  right  ascension  9**  41'"  23\G,  decli- 
nation      8=  53'  33". 
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New  Minor  Planet  (290  ?).  A  new  Minor  planet  of  13th  magnitude  or 
fainter  was  discovered  by  Palisa,  of  Vienna,  March  20.4787,  in  right  ascen- 
sion 12*»  24"»  5'.4,  in  declination  +  2°  7'  28".  Daily  motion  in  right  ascen- 
sion— 25',  in-declination — 10'. 


Suttspots,  A  good  sized  group  of  spots  was  noticed  near  the  northeast 
limb  of  the  sun  March  4  containing  one  large  spot  with  two  umbrse,  and 
surrounded  by  brilliant  faculae.  This  spot  was  conspicuous  for  several  days 
but  on  the  13th  had  so  diminished  as  to  be  seen  with  difficulty. 


Solar  Prominences^  February,  1890.  Number  of  observations,  9;  g^at- 
est  number  of  prominences  seen  in  one  day  (single  observation),  11  on  the 
13th ;  least  number  of  prominences  seen  in  one  day,  1  on  the  26th ;  height 
of  highest  prominence  observed,  80",  on  26th;  mean  number  of  promi- 
nences daily,  4.5;  prominences  distributed  as  follows: 


veen  0° 

and  10° 

10 

and  20 

20 

and  30 

30 

and  40 

40 

and  50 

50 

and  60 

60 

and  70 

70 

and  80 

80 
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Total 

Chromosphere  during  month  low  and  billowy. 
Camden  Observatory,  March  1,  1890. 
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0 

0 

0 

0 

0 

16 

25 

E.  E. 

READ,  JR 

Smith  Observatory  Observations.    The  following  solar  observations 

were  made  with  helioscope  in  Februarj-,  1890 ;  power,  98. 

1S90.  90 m.  M.T.  GroupB.  Spota.  Faculae..  Seeing.  Remarks. 

1  Feb.       2         P.  M.        1  1  O  Fair.        Gran,  j^ood. 

6      ••  2  15     ••  O  O        1  RT.  *'  Fac.  near  N.  E.  limb. 

S      ••  2  20      **  O  O  O 

9      •'  2  15     "  O  ()  O      Vcrv  poor.  Thin  clouds. 

10  *•  lO         A.  M.         (>  0  O 

11  *        10  45     ••  o  o  1  Good.      Fac.    faint;    gran,    good    to 

limb. 

12  "         2  55  p.m.        O  O  1  Fair.       Fac.  bright  on  B.  limb ;  gran. 

good. 

13  "  2  25     ••  O  ()  o  "  No  distinct  fac;  gran.  fair. 
14.      "       11  2()  A.  M.        O            ()            ()      Verv  poor.  Glimpses  through  clouds. 

15  ••       12  O  ()  1  Good.       Fac.  brilliant  on  S.  W.  limb; 

whole  surface  very    sharp 
and  clear. 

16  ••         3         p.  M.        O  O  O  *•  No    distinct   fac;    '^facnlissi- 

mce"  in  many  places. 

17  11  15  A.  .M.        O  O  O  Clouds.    Impossible  to  make  out  any- 

thing definite. 

18  •*       1130     "  0  0  0  *•  Impossible  to  make  out  any- 

thing definite. 

20  •*       1115     "000  Poor.       Gran,  poor  and  dif. 

21  "  2  00  p.  M.        O  O  O  "  Haze  and  clouds. 

23      "         2  45     ■'  O  O  O  Pair.        Orati.    sharp    at    intervals; 

coarse  in  center  of  disk. 
24.      ••  3  45    "  O  O  1  Poor.        Fac  near  N.  E.  limb. 

2ft      **  2  00     "000      Lt.  clouds.   Could  not  make  out  gran. 

structure. 

Smith  Observatory,  Beloit  College,  chas.  a.  bacon. 

Beloit,  Wis.,  March  10,  1890. 
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Dartmouth  Notes.  The  group  of  sun-spots  which  appeared  bj'  rotation 
on  March  4th  is  interesting  on  account  of  its  high  latitude.  It  was  pre- 
ceded on  the  third  by  an  eruptive  prominence  the  height  of  which  I  esti- 
mated as  60",  and  by  other  fainter  diffuse  prominences  at  nearly  the  same 
position-angle.  These,  I  suppose,  are  to  be  considered  the  "elevation"  view 
of  the  bright  faculae  which  surrounded  the  spot  for  the  first  few  days. 
When  the  group  was  first  seen  at  1:30  (Eastern  standard  time)  on  March 
4  the  penumbra  Was  invisible  on  the  western  side  (i.  e.  the  side  furthest 
from  the  limb),  thus  showing  distinctly  the  efi*ect  of  depression.  As  groups 
which  give  data  for  finding  the  solar  drift  in  this  latitude  are  rare,  (Car- 
rington  based  his  conclusions  on  observations  of  three  groups),  I  append 
the  values  found  for  the  heliographic  latitude  and  longitude  from  day  to 
day: 

March  4        3:35  P.  M.  X  =  32°  33'  north.        /  :=  194°  51' 

5        2:15  32    33  193    38 

7        2:00  32    39  194       9 


8 

2:10 

Nucleus  A. 

Nucleus  B. 

Mean 

33 
32 
32 

1 
13 
42 

9 

12:30 

Nuclues  A. 

Nucleus  C. 

Mean 

33 
31 
32 

18 
46 
32 

0 

12:15 

Nucleus  A. 

Nucleus  C. 

Mean 

33 
31 
32 

43 
42 
43 

194  17 

195  15 
194    46 


} 


192  1] 
192  47} 
192    24  J 


191  41 

192  43 
192    12 


1 


From  this  it  appears  that  the  drift  is  about  the  same  in  X  and  /,  as 
found  by  Carrington,  but  before  final  conclusions  are  drawn  it  will  be  well 
to  wait  for  observations  separated  by  a  longer  interval,  if  the  life  of  the 
spot  is  suflScient  to  permit  this. 

Judging  from  the  diagram  of  the  observations  at  Greenwich  published 
in  the  Monthly  Notices  for  November,  1889,  I  conclude  that  so  large  an 
area  has  not  been  disturbed  in  so  high  north  latitude  since  1874,  excepting, 
perhaps,  1880. 

I  would  like  to  make  note  of  a  fine  meteor  reported  to  me  by  several 
persons  as  observed  at  8:55  p.  m.  (E.  S.  T.)  on  Jan.  20th.  It  appeared  as 
large  as  the  moon,  of  a  white  color,  and  fell  through  some  40°  S.  E.  in 
Orion  lighting  up  the  sky,  and  finally  broke  into  several  pieces. 

Hanover,  N.  H.,  March  11,  1890.  edwin  brant  frost. 

»  

Proper  Motion  of  the  Double^tar  South  503.— -J.  E.  Gore  has  shown 
in  Monthly  Notices,  Vol.  50,  No.  1,  that  the  proper  motion  of  the  double- 
star  South  503,  is  0".65  per  annum  in  the  direction  of  position-angle 
138°.04.  

Orbit  ofStruve228.    J.  E.  Gore  says:  Recent  measures  show  that  the 

binary  star,  Struve  228,  has  described  about  120"^  of  its  apparent  orbit 

since  its  discovery  in  1829.    The  orbit  as  computed  b}-  Mr.  Gore  is  as 

follows: 

P=i      88.73  vears  Q  ~  84°  49' 

r=:  1906.03*^  A  =  51    36 

e  =        0.5311  a  =  0".98 

/=      70°  59'  /i  =  -f-4°.057 
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COMET  NOTES. 


Comet  1885 II.    In  Astronoznische  Nachrichten^  No.  2952,  Dr.  Bcrberich 

gives  two  sets  of  definititive  elements  of  this  comet,  the   first    without 

making  any  assumption  as  to  the  eccentricity,  resulting  in  a  hyperbolic 

orbit,  the  second  assuming  the  orbit  to  be  parabolic.    The  first  satisfies 

best  the  normal  places,  with  the  exception  of  the  last  one,  which  depends 

upon  a  single  observation.    The  parobolic  elements,  however,  satisfy  all 

the  observations  nearly  as  well  and  the  last  one  better  than  the  hyperbolic 

elements. 

{B)  Parabola. 

Aug.  5.718966  Berlin  mean  time. 
1 78°  30'  04.471 
92    17  45.72  }Mean  Equinox  1885.0 
80    37  34.31)       ' 
0.3991079        q  —  2.50673 
1.0 


{A)  Hyperbola. 

r 

1885  Aug.  5.574653 

on 

178°  27' 01.61" 

Q 

92    17  09.67 

• 

80    39  26.33 

logr/ 

0.3992904 

e 

1.0028519 

Comet  1884  III  (Wolf.)—  In  Astronomische  Nachrichten,  Xo.  2953. 
there  is  an  interesting  paper  on  the  "  Former  Orbit  of  Comet  1884  III."  by 
R.  Lehmann-Filhes.  This  comet  is  now  moving  in  an  ellipse  with  a  period 
of  about  6V^  years,  but  has  not  been  seen  at  a  previous  apparition.  Pro- 
fessor Krueger  show^ed  that  it  must  have  passed  very  near  Jupiter  in  1875 
and  that  its  orbit  must  have  been  greatly  changed  then.  Herr  Lehmann- 
Filhes  has  computed  the  perturbations  by  Jupiter  and  has  endeavored  to 
calculate  the  orbit  which  the  comet  had  before  its  encounter  w^ith  the 
planet  in  1875.  We  give  below  the  elements  of  the  present  orbit  by  Thraeu 
and  those  derived  by  Lehmann-Filhes  for  the  former  orbit. 

Epoch        1884  Sept.  27.5  1875  April  5.0 

M  352°31'59".16l  226°  32.6'1 

S<!  206    18  29  .171  208    26.8 

«  172    42  30  .62}  1880.0    157    12.4  }  1880.0 
Tt  19   00  59   .791  5    39.2 

i  25    15  42  .82)  29    26.6  ) 

(f)         34   07  14  .69  23    01.2 

log  e  9.7489155  9.592245 

log  a  0.5539247  0.620840 

//  523.74469"  415.668 

Period  2474.48807  ^  -.  6.78  yrs.     311 7.8  d  =  8.54  yrs. 

It  will  be  seen  that  the  eccentricity  and  major  axis  of  the  orbit  have 
been  greatly  changed.  The  comet  was  before  1875  moving  in  a  much  larger 
ellipse  of  which  the  least  distance  from  the  sun  was  over  2.5  times  that  of 
the  earth.  This  would  account  for  the  invisibility  of  the  comet  in  former 
years. 

The  Comets  of  1889. 
DeBigiiotioii  SynoD.vm.     Discoverer.        Date.  rerlhellon.  \X 

Comet  1889      1  e  1888  Barnard,    Sept.  2  Jan.  31.2091  357°25'15" 

11  fcl889  Barnard,    Mar.  31  June  10.8067  310  42  10 

III  c  1889  Barnard,   June  23  June  20.7816  270  58  04 

IV  e  1889  Davidson,  Julv    19  Julv   19.3072  286  10  30 
V  c/1889  Brooks,      Julv      6  Sept.  29.7436  17  58  30 

VI    ^1889    Swift,         Nov.  17     Nov.  29.6641    33126  40 
1890      I    ^1889    Borrellv,    Dec.    12    Jan.  26.869         12  16 
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»  i                   g                 tf           Computer       Reference 

I  340*>27'40'' 166^22' 13'' 1.81489  1.001086    Berberich  A.N.  123,  280 

II  236  04  49  163  50  26  2.25559  1.0              Millesovich  A.N.I 23,  207 

111  60  08  05  31  12  50  1.10240  0.956665    Berberich  A.N.  123,  77 

1  V  345  51  44  65  57  30  1.03949  0.994742    Campbell  A.J.  IX.  119 

V  343  18  56  6  04  00  1.95023  0.472726    Knopf        A.N.  123,  123 

'VI  69  29  13  10  03  21  1.33831  0.631214    Zelbr.         A.  N.123, 255 

I  197  22  57  35  0.2740  1.0               Hill            S.  M.  IX,  88 

Comet  a  1889  was  discovered  bj'  Brooks  January  14  in  right  ascension 
^gh  ()4m  declination  south  21°  20^,  but  was  not  afterward  seen  by  anyone. 


Ephemens 

1  of  Comet  1889  I  ( continued  from  page  135). 

• 

aapp. 

d  app 

logr 

log  J 

April  17 

18    42    06 

—8  20.8 

0.7135 

0.6806 

21 

39    30 

8  11.0 

25 

36    39 

S  01.6 

0.7192 

0.6747 

29 

33    34 

7  52.6 

Mav     3 

30    15 

7  44.0 

0.7248 

0.6607 

7 

26    43 

7  35.9 

11 

18    22    57 

—7  28.2 

0.7304 

0.6660 

A  new  comet  was  discovered  bv  William  R.  Brooks  March  19.875,  in 
right  ascension  21**  9",  in  declination  -f  5°  35'. 
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We  are  sorry  to  set  over  matter  again  because  of  the  failure  of  our  en- 
gravers to  furnish  the  quality  of  work  demanded. 


We  have  not  space  for  much  in  hand  about  the  United  States  Naval  Ob- 
servatory position  in  regard  to  the  Western  Union  time  service  of  this  coun- 
try. But  we  will  say  as  sure  as  the  public  press  does  its  duty,  and  the  as- 
tronomers of  the  United  States  have  courage  enough  to  stand  by  their 
convictions  and  the  right,  something  will  be  done  pretty  soon. 


V.  S.  Scientific  Expedition  to  West  Africa.  We  have  received  bulletins 
Nos.  2,  6,  and  8.  The  first  refers  to  the  meteorological  work  of  the  expe- 
pedition  and  was  prepared  by  Professor  Cleveland  Abl^e  under  date  of  18th 
of  October,  1889.  No.  6  was  by  the  same  author  concerning  Water-spouts 
and^ bears  date  7th  Novemljer,  1889.  Bulletin  No.  8  was  prepared  by  Pro- 
fessor Frank  H.  Bigelow,  subject,  Eclii)se  Photographs,  and  bears  date  20th 
November,  1889.  It  gives  a  brief  summary  of  the  units,  the  formulae,  and 
the  process  of  interpreting  the  intensities  of  the  light  of  the  corona,  for  the 
guidance  of  the  ol>servers  of  the  eclipse  for  which  they  were  ]ireparing. 


Death  of  Professor  Jacob  Ennis,  By  a  copy  of  the  Houston  Daily 
Post,  recently  received,  l>earing  date  of  Jan.  19,  we  hi^ve  the  sad  news  of 
the  death  of  Professor  Jacob  Ennis,  at  his  home  in  Houston,  Texas.  Pro- 
fessor Ennis  garduated  at  Rutgcr's  College,  joined  the  Dutch  Reformed 


186  The  Sidereal  Messenger. 


church,  by  which  he  was  sent  to  the  islands  of  Java  and  Sumatra  as  a 
missionary,  where  he  labored  four  years.  Returning  ito  his  native  country, 
he  was  elected  Professor  of  Natural  Science  in  the  National  Military 
College  at  Bristol,  Pa.,  and  later  he  became  principal  and  proprietor  of  the 
Scientific  and  Classical  Institute  of  Philadelphia-  in  which  position  he  spent 
the  best  part  of  his  life.  He  also  occupied,  for  some  years,  the  chair  of 
Physical  Science  in  the  State  Normal  School  of  Shippenburg,  Pa.  His  life 
was  quiet,  simple,  dignified  but  laborious.  He  found  considerable  time 
outside  of  routine  duty  for  study  and  original  investigation  in  physical  and 
speculative  astronomy,  as  the  titles  of  the  following  papers  show: 
"  The  Meteors  and  Their  Long  Enduring  Trails,"  **  Elements  of  Sidereal  As- 
tronomy," " Electrical  Constitution  of  our  Solar  System,**  "Physical  and 
Mathematical  Principles  of  the  Nebular  Theory,"  *'  Origin  of  the  Power 
which  causes  Stellar  Radiation,"  **Four  Great  Eras  of  Modem  Astron- 
omy," and  many  others  on  kindred  topics.  Professor  Ennis  wrote  several 
articles  for  this  journal  which  have  appeared  from  time  to  time,  and  only 
last  3'ear  he  was  preparing  an  elaborate  article  on  the  later  phases  of  as- 
tronomical research  which  we  had  the  pleaure  of  perusing,  in  part,  before 
it  was  completed.  Professor  Ennis  will  be  missed  from  a  large  circle  of 
friends  both  east  and  west. 


A  Simple  Approximate  Formuln  for  the  Refraction.  I  have  for  several 
years  given  to  my  class  in  practical  astronomy  a  formula  for  the  lefr^ction 
in  zenith  distance  which  is  ho  convenient  for  many  purposes  that  it  deser\'es 
to  l)e  more  widely  known.    The  formula  is : 

Refraction  =  .^^    .    .  tan  z 

where  b  is  the  barometric  pressure  expressed  in  thousandths  of  an  English 
inch,  t  the  temperature  of  the  air  in  degrees  Fahrenheit,  and  z  the  apparent 
zenith  distance.  For  all  ordinary'  values  of  the  temperature  and  pressure 
this  expression  represents  BesseVs  refractions  between  the  zenith  and  75° 
zenith  distance,  within  a  second  of  arc  (1")  and  is  therefore  abundantly  ac- 
curate for  all  sextant  work  and  for  most  observations  with  other  portable 
instruments. 

An  equivalent  expression  in  different  units  is : 

21.5  h 
Refraction  ^^  273  -4-  t  ^^"  ^ 

where  6  is  to  be  expressed  in  millimeters  and  t  in  degrees  Centigrade. 

In  each  case  the  formula  gives  the  value  of  the  refraction  in  secoiyis  of 
arc.  Somewhat  greater  accuracy  can  of  course  be  obtained  by  writing 
tan  {z  —  fr)  in  place  of  tan  z,  Bradley's  refraction  formula,  but  it  does  not 
seem  necessarj'  to  introduce  this  refinement.  geo.  c.  comstock. 

Washburn  Observatory,  Feb.  26,  1890. 


The  Mechanics  of  the  Solar  System  is  the  title  of  a  neatl}'  printed  and 
illustrated  pamphlet  of  seventy  pages,  having  the  title  of  "The  Principles  of 
Mechanics  as  Applied  to  the  Solar  System."  The  author's  name  is  not 
given,  but  the  name  of  his  agent  is  P.  Ervine,  of  San  Francisco,  California. 
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This  pamphlet  aims  to  account  for  the  motions  of  the  planets  and  other 
celestial  bodies  on  the  principles  of  attraction  and  repulsion,  chiefly  active 
in  the  plane  of  the  equator  of  the  sun  for  the  planets,  and  in  the  equatorial 
plane  of  the  planets  respectively  for  their  s\'stems  of  satellites.    The  first 
question  that  the  practical  astronomer  would  ask  is :   What  has  the  author 
observed  in  the  mechanics  of  the  solar  system  that  calls  for  the  principle  of 
repulsion  in  the  very  general  way  in  which  he  uses  it  ?    If  the  principle  of 
jirravitation,  as  now  known,  will  explain  nearly  all  the  phenomena  to  which 
this  pamphlet  refers  satisfactorily,  is  it  not  unnecessar3''  to  make  the  assump- 
tion of  two  forces  acting  in  a  particular  plane  to  do  the  same  thing  ?    We 
admit  that  only  those  who  have  some  independence  in  the  higher  mathe- 
matics can  satisfactorily  handle  the  abstruse  problems  of  the  motions  of 
two  or  three  celestial  bodies,  but  such  scholars  are  well  agreed  as  to  the 
general  principles  that  govern  the  motions  of  all  the  bodies  of  the  solar 
System  and  many  more.     Again,  we  think,  the  author  has  probably  not 
read  that  excellent  book  entitled  **Astronomv  without  Mathematics,"  bv 
Sir  Edmund  Beckett,  or  he  would  not  have  written  as  he  did  about  the 
**  Tides."    There  is  another  grand  book,  now  in  the  course  of  publication, 
'^vhich  takes  up  this  matter  of  the  tides  more  fulh'  and  thoroughly  than  the 
one  just  named,  and  that  is  the  "Old  and  New  Astronomy-,"  begun  by  the 
Ia,te  Professor  Proctor  about  two  years  ago.    Over  half  of  the  book  is  in 
jDrint.  in  pamphlet  form,  and  was  temporarily  sus|)ended  at  his  death. 

The  author's  attempt  to  explain  some  hard  questions  in  astronomy  is 

«xrtainly  a  creditable  one,  and  what  he  has  said  is  i>erfectly  clear,  and  his 

illustrations  are  especially  well  drawn  to  represent  his  ideas.    The  Messe.n- 

<;er  encourages  all  such  honest  effort,  though  it  be  necessary  to  l>egin  again 

almost  anew. 

FresnePs  Mirror  Experiment.  In  the  March  numl)er  of  the  American 
journal  of  Science  Albert  A.  Michaelson  has  a  brief  article  entitled,  "A 
Simple  Interference  Experiment,"  which  physicists  generally  will  read  with 
profit.  The  difficulty  of  performing  the  experiment  to  show  light  interfer- 
ence has  long  been  recognized  by  profepsonal  skill,  but  we  have  a  method 
now  bj'  the  genius  of  Michaelson,  that  places  this  l>eautiful  experiment 
easily  within  the  reach  of  unskilled  i)ersons  who  may,  by  his  method,  ob- 
tain excellent  results.  This  is  quite  important  when  one  remembers  that 
the  Frcsnel  mirror  experiment  is  the  incontestible  proof  of  the  wave  theory 
©flight. 


In  AfontA/f  A  o  (ices  for  January,  Professor  Holden  publishes  an  article 
on  the  photographic  apparatus  of  the  great  Lick  equatorial.  This  istru- 
ment  is  now  provided  with  a  compound  slide-rest  as  a  means  of  moving 
the  photographic  plate  in  order  to  keep  the  star  images  "fairly  round." 
Photographs  can  be  taken  on  the  scale  of  one  minute  of  arc  to  sixteen-hun- 
dredths  of  an  inch.  Mr.  Barnard  has  made  positive  enlargements  of  lunar 
photographs  which  show  the  moon  twice  as  large  as  at  the  principal  focus. 
Some  features  of  these  enlargements  l)ear  examination  with  a  high  power. 
making  it  possible  for  the  astronomer  to  study  the  lunar  surface  at  his  leis- 
ure with  a  power  of  more  than  eleven  hundred  diameters. 
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In  Charles  B.  Hill's  lecture  before  the  Cosmos  Club  of  Sun  Jose  a 
found  an  interestinj!  hiBtoricnl  sketch  of  nstronomicnl  photography 
Hill  goes  back  fifty  j-ears  in  the  recortl  of  photo^aphic  eflbi 
cal  lines,  and  traces  its  history  to  the  present  time.  Spcnkiiij;  of  luiu 
tography  he  says:  "To  photograph  even  the  moon,  it  was  fonnerly 
sary  to  make  an  cx|)osure  of,  say  hBlfan  hour.  The  mortem  dry  plate  is  «^  «, 
much  more  sensitive  that  In-tter  and  sharper  picLumt  are  ni>w  itinile  in  <>:'  '^e^dc 
fiftieth  of  a  second."  The  resiiU»  of  photographic  ^ork  are  discit8(»«  ^luiil 
under  the  following  heaila :  Photogrnphs  of  the  Sun.  Transit  nf  Vfltss.  T  "^^^ii- 
tal  Solar  Eclipse.  Stars  and  Nebulnc,  Htid  Star  Maps. 

lonalban  I'oiing  Scainmon  oi  Chii'auo  died  March  17. 1890.  at  the  r^j^^.atic 
of  nearly  78  yean.  He  was  the  father  of  the  Chicago  Astronamic«1  iWi^B-  metj 
and  as  such  his  memory  rightly  finds  place  in  the  ]KrmaneR(  recunls  -^^  ut 
science  in  this  country.  He  was  the  President  of  the  ChicHgo  Astronomii^E-  Jal 
Sodety  from  its  formation  till  the  time  of  his  death,  except  licani  irr^^KWU 
to  1889,  l)eing  re-elected  a  year  ago  tiltcr  that  interrexnum 

Mr.  Scammon  was  a  lawyer  by  proliHsion,  and  was  recogniied  by  — ^^'«t| 
who  knew  him  as  a  man  of  ability,  and  as  a  lover  of  science,  especrally  — -—  a*- 
tronomy.  He  paid  ftir  the  Imilding  of  the  ^eat  tower  on  which  the  1^^  **<■ 
inch  tdcscopc  of  the  Astronomical  Society,  was  placed,  It  coat  ftW.niKIZMil. 
He  also  jmitl  the  salary  of  thcilirwtor  of  the  Hhservalorj'  up  to  the  tim^-  ^•toi 

the  Chicago  fire  in  1W71 ,  and  some  iiaymcnts  after  that  dale.     Hisserv     kn 

in  this  noble  work  were  great  and  arc  justly  an  cndnring  imxiumtnt  t"  -^^  hi* 

Sefinements  nf  Modern  Instromenla.     We  have  receiTcd  a  enpy  nl-^^  *" 
address  delivered  belbre  the  EnBinecr's  Society  of  Western  Pcnnsylva^^^'*  _ 
on  the  theme:  "  The   Kcfinentcnts  of  Modem  Instruments  and   Mnnij 
lion."  nt  a  recent  meeting  ol  the  society. 

We  ought  to  give  our  readers  an  abstract  of  this  valuable  \m.\ 
least,  for  it  contains  mucli  useful  information,  in  regnnl  to  inechAnl 
errors  in  several   different   astronomical   instruments.     We  promise 
this  at  an  early  date,  it  we  do  not  find  space  for  the  whole  paper. 

Annala  of  Hars-ard  College  Ohxervnrtory.     Port   1 .    Vol. 
An'nale  of  Hnrvnrfl  College  Observatory,  and  iilso   Vol.  22,  an 
The  first  is  the  Observations/if  the  New  England  Meteorological  Soeirty     -        .^ 
the  year  1H8K,  oj  uniform  size  of  the  publicBiions  of  HnrvnnI  ColIeKV  f'^^'^^i 
servatory  and  containing  105  pages  of  tables.  dcscti|itive   matter  ni<'^^ 
twelve  charts  representing  the  positions  of  observing  stations,  and  itum'b^ 
ly  precipitations. 

Vol.  U2  contains  the  meteorological  observationR  made  nt  ttir  sunimtt  «f 
Pike's  Peak,  Cotorauo.  fn.ni  June,  1H71.  to  June,  1«8«,  I.aiitndr  <rf  po*- 
tion.  38^  5(V;  longitude.  105°  2'  W  :  height.  14.,13+  feet.  The*  abivrFa* 
tlons  were  mnile  nnder  the  direction  of  the  chief  signal  officer.  Tlw  rank 
object  to  this  work,  on  tlie  part  of  Harvard  College  Observatory,  wiU  tj 
intiuirc  into  the  meteorological  character  nf  stations  of  great  elevatimi  t 
astronomical  observations  lieforc  undertaking  them.  It  will  \tr  i 
liered  that  the  Boydcii  Fund,  so^'nlled.  wo*  estiiblishcd  for  prosccutlnc  i 
Ironomieal  observationR  .il  some  stati'in  nt  greni  elevation  above  sm-feit 
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'^  The  Chief  Discoverers  of  Comets.'*  Under  this  caption  in  the  March 
number  of  The  Sidereal  Messenger  is  copied  from  the  November  number 
of  the  Observatory  a  table  prepared  by  Mr.  Denning,  which  contains  a  few 
«rrors,  mainly  caused  by  crediting  some  of  the  discoverers  with  comets  al- 
ready known  and  even  expected.  Rejecting  these,  the  list,  in  the  order  of 
numbers,  stands  as  follows : 

Pons 26 

Messrs.  Tempel  and  Barnard,  each 13 

Brooks 12 

Winncckc 9 

Mechain  and  Swift,  each 8 

Klinkcrfues  and  Borrelly,  each 6 

Bmhns,  DeVico,  Brorsen,  Donati,  Coggia,  and  Miss  Herschel,  each 5 

This  is  perhaps  a  matter  of  no  great  consequence,  save  to  the  discover- 
ers themselves,  who  desire  to  ascertain  exactly  their  standing  in  this  com- 
petitive work.  LEWIS  SWIFT. 

Warner  Observatorv,  March  5,  1890. 

VoL  II  of  the  Publications  of  the  Astronomical  Society  of  the  Pacific  is 

^   neat  pamphlet  of  39  pages.    It  contains  a  note  on  the  densities  of  the 

I^lancts  by  Daniel  Kirkwood,  an  article  by  James  E.  Keeler,  on  a  new  and 

simple  form  of  electric   control  for  equatorial  driving  clocks,    Arina  O. 

-^->«tischner*s  article  on  the  determination  of  the  relation  between  the  ex- 

l>^>8iire-time  and  the  consequent  blackening  of  a  photographic  film,  and 

*^  vmber  of  other  brief  articles  by  Professor  Holden  and  other  members  of 

'^  ^e  staff  of  Lick  Observatorv. 

By  kindness  of  P.  Polie,  Director  of  the  Royal  Observatory  at  Brussels, 
have  notice  of  the  death  of  the  well-known  Astronomer  Charles  Jean- 
»tiste  Picvez  who  was  corresponding  member  of  the  Royal  Academic  of 
ium,  and  astronomer  at  the   Royal    Observatory   of  Brussels.    His 
^^eath  occured  Pebruary  2. 1890. 


The  SuaSpots  and  La  Grippe.    In  the  Chicago  Tribune  of  Jan.  13, 
3.890,  is  an  illustrated  article  under  the  above  title  by  J.  H.  Kedzie  of  Chi- 
^zugp.    In  it  is  a  comparative  table  showing  the  numbers  of  sun-spots  by 
-uonths  for  each  of  the  years  1887,  1888  an  1889,  also  two  illustrations  of 
wpots,  one  by  Professor  Langley,  and  one  from  Professor  Young's  book  en- 
titled The  Sun.    Reference  is  made  in  the  article  to  the  belief  of  intelligent 
men,  of  a  relation  between  the  prevalence  of  sun-spots  and  the  condition  of 
crops,  prices,  stocks,  peace  or  war,  and  public  health,  including  the  wide- 
spread influenza  known  as  La  Grippe. 

The  difficulty  that  the  careful  scientist  finds  in  the  study  of  such  rela- 
tions as  these  is  that  mere  coincidences  are  not  proofs.  They  only  raise  a 
presumption  in  favor  of  the  assumed  cause  after  a  great  number  of  concur- 
ring coincidences  have  been  observed.  Writers  should  be  careful  how  they 
the  principle  of  induction  to  establish  a  relation  between  sun-spots  and 
preralence,  or  commercial  or  political  affairs,  lest  they  lead  the  un- 
infonned  into  gross  errors. 
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Telescopes  for  Sale.    It  may  be  of  interest  to  our  readers  to  know  of  the 
following  telescopes  for  sale : 

1.  A  4-inch  equatorial  telescope  nearly  new;  portable  mounting;  cheap. 

George  Tumham,  Meredosia,  111. 

2.  A  3-inch  astronomical  telescope;  powers  34  to  64;  Tripod  mounting. 

Jacob  M.  Clark,  C.  E.,  145  Madison  Avenue,  Elizabeth,  N.J. 

3.  A  SV^mch  refracting  telescope ;  circles;  driving  clock;  iron  pillar;  prism 

and  5  eye-pieces.    Henry  Harrison,  14  and  16  Astor  Place,  New 
York  City. 

4.  A  51^-inch  objective  in  cell,  with  battery  of  eye-pieces;  also 

A  2-inch  transit  instrument  in  brass  pillar ;  good  condition.    Daniel  Ap- 
pel,  11  Holyoke  Place,  Cleveland,  Ohio. 


Telescopes  Wanted.  E.  P.  Frost,  Glencoe,  Minn.,  wants  a  second  hand 
instrument,  6-inch  aperture. 

J.  B.  Craton,  Council  Grove,  Kansas,  wants  a  3  or  4-inch  instrument. 

U.  V.  La wt on,  Jackson,  Mich.,  wants  a  good  second-hand  4-inch  equa- 
torial telescope. 
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Familiar  Talks  on  Astronomy,  with  Chapters  on  Geography  and  Navi- 
gation. By  William  Harwar  Parker,  Author  of  **  Recollections  of  a 
Naval  Officer,"  etc.,  Chicago.  Messrs.  A.  C.  McClurg  &  Co.,  publishers ; 
1889;  pp.264.    Price  $1. 

As  the  title  implies,  the  design  of  this  book  is  to  present  the  general 
facts  of  Astronomy  in  plain  language,  and  in  a  more  attractive  form  for 
the  general  readers,  than  that  commonly  used  in  the  ordinary  text-book. 
These  instructive  talks  are  such  as  a  well-informed  teacher  might  give  a 
class  of  students  who  have  some  knowledge  of  the  elements  of  Astronomy, 
and  who  are  eager  to  know  more  of  this  delightful  branch  of  study,  es- 
pecially if  the  instructor  will  confine  himself  to  the  general  facts  of  the 
science  and  avoid  its  minutiae  and  its  techincalities. 

On  this  plan  the  book  gives  fourteen  talks.  The  first  begins  by  showing 
the  necessity  of  thought  and  meditation  if  the  student  expects  to  realize 
much  by  giving  his  attention  to  the  reading  or  study  of  Astronomy.  Jn 
this  connection  the  author  aptly  quotes  the  sayings  of  some  eminent 
thinkers  while  he  is  talking  about  reading  and  thinking.  These  are 
examples:  Carlyle  says:  "A  man  gathers  wisdom  only  from  his  cwn 
sincere  exertions  and  reflections."  Paschal  says:  "All  our  dignity  consists 
in  thought."  Gibbon,  *'The  use  of  our  reading  is  to  aid  us  in  thinking.*' 
Jefferson,  Madison,  and  Adams  were  thinking  men.  When  we  read  their 
productions  we  are  struck  with  the  originality  of  their  thought.  It  is  true, 
as  Rousseau  said:  "Naturally  man  thinks  but  little,"  but  it  is  also  true 
that  *'  a  very  small  lot  of  books  will  serve  to  nourish  a  man's  mind  if  he 
handles  them  well;  and  I  have  known  innumerable  people  whose  minds 
have  gone  all  to  ruin  by  reading  carelessly  too  many  books." 

This  is  certainly  a  fitting  introduction,  and  if  the  reader  heeds  it  faith- 
fully he  will  be  profited  in  reading  this  book. 
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In  the  remainder  of  this  first  talk  the  author  defines  astronomy ;  speaks 
of  its  language ;  presents  the  solar  system ;  something  of  the  way  ancient 
astronomers  observed;  how  time  is  reckoned  and  the  calendar  made;  of  the 
k progress  of  astronomy,  and  how  the  size,  shape  and  motions  of  the  earth 
are  determined.    Talks  two  and  three  are  upon  the  change  of  seasons,  the 
obliquity  of  the  ecliptic,  the  apparent  motion  of  the  sun,  and  the  phenom- 
ena, attending  the  motion  of  the  earth  in  its  orbit.    Talks  four  and  five  are 
in  reference  to  the  moon,  in  which  earth-shine,  the  moon's  revolution,  and 
finding  the  moon's  age  are  noteworth3\    Under  the  last  head  the  author 
rightly  refers  to  some  of  the  surprising  statements  of  our  best  English  and 
American  writers  like  the  following :  Shortly  after  the  sun  went  down  the 
orescent  moon  appeared  in  the  east."    Dickens  in  Bamaby  Rudge  says :  **  It 
^^vaa  a  fine  dry  night,  and  the  light  of  the  young  moon,  which  was  then  ris- 
ing, shed  around  that  peace  and  tranquility  which  gives  to  evening  time  its 
niost  delicious  charm."    Captain  Maryatt  speaks  of  a  crescent-sbaped  and 
-^ivAoing  moon  being  seen  early  in  the  evening.    Talks  six  and  seven  deal 
'^vith  the  sun,  noticing  its  dimensions,  its  physical  characteristics  and  eclip- 
^tes.    Talk  eight  is  about  the  planets,  and  talk  nine  is  a  continuation  of  the 
^^me  with  such  added  themes  as  the  velocity  of  light,  seasons  on  other 
^)lanets,  determination  of  the  density  and  mass  of  the  earth.    Talk  tenth 
is  about  the  stars,  talk  eleventh,  time,  and  talk  twelfth  is  concerning  a  uni- 
^versal  83r8tem  of  time.     Talks  thirteen  and  fourteen  are  upon  Nautical  As- 
Tonomy  in  which  the  author  has  had  years  of  practical  experience,  and  con- 
cemiog  which  he  sjieaks  so  clearly  and  well  that  they  form  an  interesting 
and  valuable  portion  of  this  book.     The  publishers'  part  of  this  work  is 
Tieatly  done. 


Thb  Scbnesy  op  thb  Heavens;  A  Popular  Account  of  Astronomical 
Wonders.  By  J.  E.  Gore.  F.  R.  A.  S.,  M.  R.  I.  A.  With  Stellar  Photo- 
graphs and  other  Drawings.  London:  Messrs.  Roper  and  Drowley, 
publishers,  11  Ludgate  Hill,  £.  C.    1890.    pp.  320 ;  price,  10s  6c/. 

The  subject  matter  of  this  new  book  is  divided  into  two  parts ;  the  first 
describing  the  solar  system,  and  the  second  the  sidereal  heavens;  the  first 
part  is  given  in  seven  chapters  which  present  the  following  topics  in  order : 
The  Sun,  The  Moon,  The  Planets,  Comets,  Shooting  Stars  and  Meteorites. 

The  order  of  the  topics  in  the  second  part  is :  Number  and  Magnitude 
of  the  Stars,  Double  and  Binary  Stars,  Nebulae  and  Clusters,  Variable  and 
Temporary  Stars,  The  Milky  Way  and  the  Visible  Universe,  and  The  Astron- 
omy of  the  Poets.  Then  follows  tables  of  the  Positions  of  Red  Stars,  Pos- 
itions of  Binary  Stars,  and  Positions  of  Variable  and  Temporary  Stars. 

The  design  of  this  work  is  to  give  a  popular  but  exact  account  of  the 
most  interesting  facts  relating  to  the  planets,  comets,  meteors,  fixed  stars 
and  nebuUe,  without  technical  language  or  the  use  of  mathematical  formu- 
Ue.  The  sun  is  the  theme  of  the  first  chapter,  and  the  wonderful  facts  of  its 
tiie,  distance,  and  attractive  power  are  illustrated  in  a  great  variety  of 
ways,  tome  of  which  are  apt  and  unique,  and  all  are  useful  and  good.  The 
brief  description  of  its  physical  constitution  represents  the  best  and  latest 
Yiews  of  specialists  in  this  line  of  study. 

The  moon  is  next  considered  in  regard  to  surface  delineation,  and  a  fine 
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drawing  of  the  lunar  watled  crater,  Plato,  by  T.  C.  Elgcr,  1SS7.  appean  !n 
connection  with  chosen  details  for  study.  A  single  page  on  the  phenomena 
of  a  total  lunar  eclipse,  in  which  the  black  and  blight  eclipses  arc  referTCd 
to,  is  very  suggestive  in  regard  to  matter  of  fact.  No  attempt  is  ^ade  to  , 
explain  the  sonjallcd  hlnck  etlipscB.  Remarks  on  the  inferior  plnncts  arc 
brief,  but  to  the  point.  An  example  of  this  is  found  under  Venus,  where  the 
author  is  speiiking  of  that  planet  ns  a  tuoming  star,  about  Christnins  tinic. 
when  it  is  mistaken  for  the  so-called  "Star  of  Bethlehem,"  by  intelligent 
and  well-read  people  (eicepl  in  elementary  astronomy  I.  We  quote  a  few 
words:  "Whatever  the  star  of  the  Magi  was.  one  thing  is  certain,  it  was 
not  Venus.  It  seems,  indeed,  absurd  to  suppose  that  tlie  "  wise  men  "  uf 
the  East  should  ha^'C  mistaken  a  familiar  object,  like  the  planet  Venus,  lor 
a  strange  apparition.  That  it  was  familiar  to  the  ancients  we  know  from 
the  fact  that  an  oliservution  of  the  planet  is  found  on  the  Niiievah  talilets 
of  date  B.  C.  08+.  and  it  is  also  mentioned  by  Hesiod,  Homer,  Virgil.  Mar- 
tial and  Pliny.  Indeed  It  seems  impossible  to  suppose  that  so  conspicuauB 
an  object  should  remain  unnoticed  for  any  length  of  time." 

Under  the  head  of  suiicrlor  planets,  the  author  speaks  uf  t1>e  force  of 
gmvitntion  on  the  planet  Mare,  and  in  consequence,  the  iiossibic  giant  si*c 
of  its  people,  the  wonderful  cunals  recently  discovered  there,  and  tlie  views 
of  prominent  observers  concermng  this  phenomenon,  the  polar  snow  cap«, 
the  ruddy  color  of  its  land  surface,  its  two  minute  satellites,  and  some  of 
the  curious  physical  facts  In  consec[Uencc  of  the  small  mass  of  each  of  tlicm- 

Sucli  trains  uf  thought  as  these  are  to  l>e  found  in  connection  with  the 
vapoug  topics  before  named,  and  the  spirit  of  the  whole  book  is  admirable, 
because  it  rccogiu2cs  Almighty  Gofl  as  the  Creator  of  All  this  wondcrfnl 
work,  and  gives  credit  to  Him  as  its  Author,  We  think  this  is  a  better  way 
to  do  than  to  attempt  to  glorify  what  any  man  may  have  done  in  finding 
out  the  thoughts  of  the  Creator  thiit  probably  have  waited  man;  ages  for 
the  apiiearancc  of  h  human  mind  that  was  large  enough  or  natural  enough 
in  its  |)owers  to  percei%'c  them  and  to  understand  them. 

Wc  have  read  this  liook  with  s]ieclal  interest,  and  welcome  it  to  n  place 
in  our  general  library. 


l>ri 


■,  Sl.a 


This  book  is  a  new  edition  of  ii  work  bearing  the  same  title  that  was 
first  published  in  \tiCtH.  It  is  not  to  be  confounded  with  the  Elements  of 
Astronomy  by  tlie  same  author,  which  probably  has  been  more  commonly 
used  in  this  country  thun  the  book  now  before  ns.  This  revision  has  tlie 
same  general  np|)earaiice  as  the  earlier  ones,  is  somewhat  increased  in  sixc, 
and  quite  largely  re-wrlltcn,  having  several  new  cuts,  and  facta  generally 
brought  to  date.  In  the  earlier  |M>rtion  of  this  book  Mr.  Lockyer  makes 
o  tbccunclusious  which  he  hns  reached  quite  recently  in  regard  to 
tiun  of  the  heavenly  bodies.  These  views  have  been  widrly 
is  country  and  in  Ruropc.  and  certainly  do  not  now  need  fiir- 
The  Inst  edition  is  mnterinlly  improved,  and  Is  a  credit  to 
s  distinguished  nuthor. 
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PHOTOGRAPHY  AND  MERIDIAN  OBSERVATION. 


TRUMAN    HENRY   SAFFORD.^ 
For  Thb  Mbssbxgbb.  / 

The  photographic  chart  of  the  heavens  which  is  to  be 
made,  by  about  twenty  associated  observatories,  will  be 
accompanied  by  a  set  of  plates  of  short  exposure  for  cata- 
logue purposes.  The  plates  wilF  be  two  degrees  square, 
so  that  each  one  will  contain  on  the  average  about  twenty 
of  the  stars  determined  by  the  great  zones  now  in  pro- 
gress; and  this  number  will  be  more  than  sufficient  in  man3' 
cases.  But  there  will  be  some  plates  for  which  additional 
stars  will  be  needed  around  the  edges.  Consequently  it  may 
be  necessary  to  observe  a  catalogue  of  about  20,000  stars  in 
addition  to  the  200,000  of  the  great  zones  (if  as  is  probable 
they  are  continued  to  the  South  pole) ;  and  to  observe  these 
20,000  stars  accurately  meridian  circles  of  the  largest  size 
must  be  crmployed.  When  the  photographic  chart  is  com- 
pleted, it  will  be  necessary  to  redetermine  the  stars  of  the 
great  zones,  especially  in  the  northern  hemisphere.  -  The  nec- 
essary accuracy  will  perhaps  be  greater  than  that  of  the 
zones  themselves ;  the  mean  epoch  of  the  latter  is  1875,  and 
that  of  the  photographic  chart  will  be  about  1895. 

Hence,  if  the  great  zones  are  repeated  about  1905,  with 
twice  the  accuracy  of  the  original  series,  the  positions  for 
1895  will  be  very  advantageously  obtained  by  interpola- 
tion. 

This  repetition  of  the  great  zones  about  1905,  that  is  to 
say,  between  1900  and  1910,  will  be,  also,  I  think,  most 
readily  done  by  photography.  To  accomplish  this  will  re- 
quire about  10,300  plates  (2°  square)  for  the  whole  heavens. 
With  a  photographic  telescope  of  13  inches  aperture  only 

*  Professor  of  Aatronotny,  Williams  Collefirc  Mass. 
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one  minute's  exposure  to  each  plate  or,  with  one  of  8  inches 
aperture  certainly  no  more  than  three  minutes'  exposure 
will  be  required.  Allowing  as  much  for  time  employed  in 
setting  the  telescope,  we  shall  have  six  minutes  observ- 
ing time  for  ail  average  of  15  stars.  Or  for  the  5,000  platen 
of  either  hemisphere  500  hours  photographic  work;  which 
can  be  readily  accomplished  in  two  years  by  two  observa- 
tories. 

After  this  has  been  done,  it  remains  to  measure  the  plate 
coordinates  at  leisure  and  convert  them  into  right  ascension 
and  declination.  In  the  complete  surve\'  of  the  heavens 
down  to  the  11th  and  14th  magnitudes,  the  plates  will  bt 
regularly  arranged.  Near  the  equator  each  plate  will  begin 
8  minutes  farther  on  in  right  ascension  than  the  preceding 
one;  or  at  least  some  equally  systematic  order  will  lie  em- 
ployed. Rutin  making  sliort  exposures  for  0th  magnitude 
stars  only  it  will  be  better  to  increase  the  number  of  plates 
by  about  30 to  40  per  cent,  say  to  7,000  for  each  hemisphere, 
so  as  to  bring  the  brighter  stars  near  the  preceding  and  fol- 
lowing edges,  and  thus  use  them  for  zero  points.  I  have 
found  by  trial  from  the  Durchmusterung  that  in  almost  all 
parts  of  the  heavens  the  stars  down  to  the  Sth  magnitttdc 
inclusive  {8.4  or  8.5  of  the  D,  M.  scale),  are  safficient  tn 
number  and  sufficiently  well  arranged  to  make  this  possible, 
provided  they  are  very  accurately  determined. 

The  conclusion  from  this  is  that  meridian  observations  of 
stars  fainter  than  the  Sth  magnitude  need  only  be  made  (for 
the  next  few  years)  for  special  problems  like  proper  motion 
and  for  the  zero-points  of  the  great  photographic  chart ;  and 
that  those  down  to  the  Sth  magnitude  only  (8.4  or  S.5  D. 
M.)  will  be  the  proper  work  for  meridian  circles  in  future. 
Of  such  stars  there  are  considerably  more  than  50,000  in 
the  northern  hemisphere;  and  they  should  be  observed  each 
four  times  before  1910.  This,  can  easily  be  done  by  thrve 
meridian  circles. 

It  would  seem,  then,  that  up  to  1910  there  is  no  very 
great  need  of  so  great  masses  of  meridian  observations  as 
would  have  been  required  without  photography.  This  lat- 
ter art  will  relieve  meridian  observers  of  the  most  irksome 
part  of  their  duties:  the  repetition  over  and  over  again  of 
the  same  rather  monotonous  observations.    The  only  real 
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problems  of  this  kind  for  the  future  will  be  to  keep  the  cata- 
logues of  stars  to  the  eighth  magnitude  in  proper  order  so 
as  to  have  accurate  places  always  available ;  and  to  observe 
fainter  stars  on  the  meridian  only  when  they  are  especially 
interesting. 

The  comparison  stars  for  comets  and  asteroids,  will  often 
be  most  readily  determined  by  measuring  them  from  a  ver\' 
few  photographic  plates  along  the  course  of  the  body, — un- 
less, indeed,  eighth  magnitude  stars  are  available, — and 
much  time  will  be  saved  in  the  work  of  completeh'  observing 
all  the  stars  employed  for  any  particular  comet. 

In  other  words,  as  the  photographic  process  of  cata- 
loguing stars  becomes  more  and  more  systematized  man\' 
of  the  difficulties  of  meridian  work  will  disappear.  The 
zero-points  of  the  plates  which  will  be  furnished  b\''  direct 
observation  will  be  more  regularly  distributed  in  time;  will 
not  so  often  conflict  with  each  other  that  the  observer  must 
wait  years  before  he  can  finish  his  zone;  and  we  shall  have 
fewer  star  catalogues  thirt\'  or  forty  \'ears  in  progress.  But, 
on  the  other  hand,  the  accuracv  obtained  on  the  small  scale 
by  photograph,  an  accuracy  so  great  as  to  compete  even 
with  heliometer  work,  will  require  corresponding  precision 
in  the  use  of  fixed  instruments. 

There  are  about  one  hundred  complete  sets  of  first  class 
meridian  instruments  in  active  service;  a  number  of  these 
are  in  need  of  extensive  repairs  and  reconstruction  to  make 
them  adequate  to  the  most  accurate  work. 

The  subject  of  systematic  differences  between  results  needs 
especial  study  at  this  time;  it  is  hardly  worth  while  to  go 
on  repeating  observations  which  have  been  lately  made  else- 
where without  such  studv. 

And  the  probable  error  of  the  single  observation  should 
not  now  exceed  half  a  second  of  arc  of  a  great  circle  in  either 
co-ordinate;  nor  should  anv  first  rate  observer  be  content 
(for  example)  with  a  series  of  declinations  in  which  discrep- 
ancies of  2"  from  the  mean  of  8  or  10  are  at  all  common. 

With  regard  to  the  plans  of  future  meridian  work  I  have 
thought  a  good  deal;  chiefly  for  my  own  purposes.  The 
stars  of  the  6th  magnitude  and  brighter  need  now  to  be  ob- 
served only  for  zero-points  and  for  comparisons;  otherwise 
thev  need  discussion  of  all  available  materials  rather  than 
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re-observation.  The  Greenwich  ten-year  cntfilogue  just  fi 
contains  a  great  many  of  them,  and  the  lacking  ones  I 
now  on  the  Greenwich  working  list.  The  stars  of  the 
magnitude  arc  very  frequently  used,  for  a  variety  of 
poses,  both  with  small  instruments  and  large;  a  3-i 
transit  is  large  enough  for  the  accurate  observation 
star  of  the  magnitude  7.4  and  a  2-inch  for  one  6'". 5.  In  fact 
the  best  stars  for  a  2V2-inch  transit — the  size  most  commonlv 
used  in  longitude  and  latitude  work — are  precisely  those 
brighter  6th  and  higher  7th  magnitudes  whose  exact  plnces 
are  hardest  to  find  in  the  catalogues. 

Any   meridian   observer  who  wishes  to  avoid   throwing, 
ftway  his  labor  can  be  very  sure  to  do  a  good  thing 
observing  7th  magnitude  stars  in  some  definite  region  wi( 
great  accuracy ;  four  observations  to  each  object  are  usni 
sufHcient. 

These  stars  are  now  of  some  importance  because  they 
in  many  cases  well  determined  at  an  early  date.  Brai 
has  few  of  them;  but  D'Agelet,  Fedorenko,  Piazzi,  Lalandc 
or  Groombridge  a  great  many.  Those  of  the  8th  magni- 
tude will  especially  be  needed  after  1900. 

It  wilt  be  seen  from  what  I  have  said  in  this  rather  desul- 
tory way  that  photography  will  practically  huiit  the  great 
mass  of  future  meridian  observations  (after  the  plans 
in  progress  are  executed)  to  stars  of  the  eighth  magnit 
and  brighter;  that  observers  should  in  future  confine  th< 
selves  to  making  thoroughly  good  observations,  strii 
differential  in  character,  unless  they  are  working  intcllt- 
gently  upon  the  fundamental  catalogues;  that  in  all  proba- 
bility- a  good  many  of  the  older  instruments  will  be  ((uietly 
hung  up  and  disused;  but  that  the  best  and  most  modem 
circles  (like  those  of  Repsold)  Avill  long  aid  in  the  solution  of 
important  problems.  I  must  reserve  for  another  opi 
lunity  the  reference  to  a  number  of  special  problems  ni 
ripening  for  solution ;  but  should  be  glad  to  correspond 
any  younger  observer  who  is  anxious  to  make  the 
his  opportunities  in  this  direction. 


treat 
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STEPHEN  J.  PERRY.  S.  J. 


C.   M.   CHARROPPIN.  S.  J  • 
Por  Tub  MBSSBifOBR. 

Stephen  Joseph  Perry  was  born  in  London  on  August  26, 
1833,  and  received  his  preparatory   education  at  Gifford 
Hall  School.    Early  in  life  he  went  successively  to  Douay 
and  Rome  to  complete  his  higher  studies.  *  Believing  himself 
called  by  his  Creator  to  work  for  the  salvation  of  souls,  he 
determined  to  study  for  the  priesthood.    The  principal  trait 
of  his  character  was  his  devotedness  to  dutv,  and  a  remark- 
able  spirit  of  self-sacrifice  which- endeared  him  to  all  those 
who  knew  him.    This  spirit  of  self  abnegation,   this  total 
forgetftilness  of  self,  in  order  to  be  useful  to  his  fellow  beings, 
constituted  the  basis  of  his  many  other  virtues.    One  of  his 
familiar  mottoes  was,  **  Whatever  you  do,  do  it  well,*'  and 
he  often  repeated :  **That  a  man  should  throw  himself  heart 
and   soul  into  the  occupation  of  the  hour."    Hence  it  was 
that  he  showed  the  same  earnestness  when  engaged  in  a 
game  of  foot-ball  with  the  boys  of  Stonj'hurst,  as  when  solv- 
ing some  difficult  problem  of  Solar  Physics.    He  seemed  to 
take  as  much  interest  in  the  conversation  of  the  little  bo^-s 
of  the  preparatory  school,  as  in  the  society  of  the  scientific 
Celebrities  of  the  age.    His  wliole  character  may  be  summed 
i:ip  in  a  few  words ;    a  learned  Jesuit,  a  great  astronomer, 
>*et  as  simple  as  a  child — one  devoted  to  the  duties  of  his 
pirofession  and  ready  to  sacrifice  his  life  for  the  promotion 
^f  science. 

When  scarcely  eighteen  years  of  age  he  studied  the  insti- 
tute and  constitutions  of  Ignatius  of  Loyola.    The  military 
plan  of  the  hero  of  Pampaluna,  captivated  the  mind  of  the 
^•oung  aspirant,  and  on  the  12th  of  November,  1853,  he  en- 
tered   the   novitiate   of  Stonyhurst,   England.    After   two 
years'  novitiate  he  went  to  France  for  a  course  of  literature, 
and,  after  a  year,  returned  to  England  to  complete  his  phil- 
osophy.    His  superiors  soon  discovered  his  great  aptitude 
for  Mathematics  and  his  fondness  for  the  most  sublime  of 
sciences,  Astronomy.    He  attended  the  lectures  of  De  Mor- 
gan, and  in  1858  he  occupied  the  sixth  place  on  the  math- 
ematical honors'  list  of  the  London  University.    Soon  after 

*  Profe—or  of  AAtronom  J  in  the  St.  Louis  rnivcrxity,  St.  Lotiifi,  Mo. 
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he  was  sent  to  Paris  for  a  full  course  of  the  higher  mathe- 
matics. On  returning  to  Stony  hurst  in  1862  he  was  ap- 
pointed professor  of  mathematics;  after  so  thorough  a 
training  he  was  found  well  qualified  to  take  charge  of  the 
Observatory. 

In  September,  1863,  he  went  to  study  Theology  at  St. 
Beuno's  College,  North  Wales,  and  in  1866  he  was  ordained 
priest.  Two  years*  later  he  returned  to  Stonyhurst,  to  re- 
sume his  professorship  and  to  tkke  charge  of  the  Observa- 
tor}'.  From  this  time  he  never  left  the  college  save  to  take 
part  in  some  scientific  expedition. 

In  1866  the  Stonhyurst  Observatory  was  selected  by  the 
government  as  one  of  the  principal  meteorological  stations. 
Up  to  that  date,  the  Observatory  had  been  engaged  chiefly- 
in  meteorological  and  magnetic  observations.  In  1874  the 
Government  presented  to  Fr.  Perry  a  large  direct-vision 
spectroscope  made  •by  Browning.  Two  years  later  a  fine 
McLean  spectroscope  was  presented  by  the  Meteorological 
Societ}'.  With  these  two  fine  instruments  Fr.  Perry  devoted 
most  of  his  time  to  the  stud}^  of  Solar  Physics. 

In  addition  to  this  work,  regular  observations  of  Jupiter's 
satellites  were  made,  together  with  many  observations  of 
the  spectra  of  stars.  Fr.  Perry  was  a  popular  lecturer. 
The  people  of  Liverpool,  Wiga#,  and  the  neighboring  towns 
will  long  remember  his  impressive  and  interesting  lectures, 
discoursing  with  ease  and  earnestness  on  astronomical  top- 
ics. 

Fr.  Perry's  labors  were  not  confined  to  the  Observatory'' 
alone.  In  1868,  accompanied  by  Fr.  Sidegreaves,  he  made  a 
magnetic  survey  of  the  west  of  France.  He  spent  his  vaca- 
tion, the  following  year,  in  a  like  survey  of  the  east  of 
France.  Similar  snrvej's  occupied  his  time  in  Belgium  in 
1871,  in  Kerguelen  in  1874  and  in  Nos  Vey,  Madagascar,  in 
1882.  It  was  principally  on  account  of  his  magnetic  sur- 
vej'S  that  Fr.  Perry  was  made  Fellow  of  the  Royal  Society, 
on  June  4,  1874.  Later  on  he  was  elected  a  member  of  the 
Council. 

In  1870  he  took  part,  for  the  first  time,  in  an  eclipse  expe- 
dition, his  station  being  Cadiz.  In  1874  he  was  selected  by 
Sir  George  Airy,  Astronomer  Royal,  as  chief  of  the  party 
destined  to  observe  the  transit  of  Venus  at  Kerguelen.    With 


Stephen  J,  Perry,  S.  J.  199 


great  constancy  and  energ3'  he  overcame  many  obstacles 
"thrown  in  his  way.    The  following  sentence  quoted  from 
Bis  journal  was  no  empty  boast:    **\Ve  were  determined 
that  no  consideration  should  make  us  flinch  where  the  astro- 
nomical interests  of  the  expedition  were  at  stake.*'    In  1882 
lie  went  to  Madagascar  for  the  last  transit  of  Venus.    For 
the  eclipse  of  Aug.  29,  1886,  he  went  to  Curacoa  in  'the 
West  Indies;  for  that  of  Aug.  19,  1887,  to  Russia,  and  last 
November  he  sailed  for  the  Islands  of  Salut,  where  he  ob- 
served successfully  the  eclipse  of  Dec.  22,  1889,  five  daj's  be- 
fore his  death. 

In  aT\  article  of  limited  space  it  would  be  impossible  to 
mention,  even  in  a  cursorv  wav,  all  the  work  undertaken 
and  accomplished  b3'  this  energetic  astronomer.  His  notes 
on  Jupiter  and  the  red  spot,  his  spectroscopic  observations 
of  comets,  stars  and  auroras ;  his  measurement  of  the  chro- 
mosphere of  the  sun,  his  many  papers  on  solar  protuber- 
ances and  notes  on  the  occultation  of  stars  bv  the  moon, 
form  an  immense  amount  of  material,  which  when  thor- 
oughly worked  out,  will,  doubtless,  yield  very  important 
^'esnlts. 

His  labors  were  appreciated  b}'  men  of  science,  and  the  dif- 
ferent learned  societies  vied  with  each  other  to  obtain  his 
Consent  to  become  an  active  member  of  their  organizations. 
-^s  alreadv  mentioned  he  was  a  Fellow  and  Member  of  the 
CTouncil  of  the  Royal  Society ;  also  of  the  Roj'al  Astronomi- 
^^al  Society,  and  a  member  of  the  Royal  Meteorological  So- 
^ety,  the  Physical  Society  of  London,  and  the  President  of 
^he  Liverpool  Astronomical  Society.    In  1886  he  received  the 
Xionorary  degree  of  Doctor  of  Science  from  the  Roj'al  Univer- 
sity of  Ireland,  and  at  various  dates  he  was  elected  a  mem- 
ber of  the  Accademia  del  Nuovo  Lincei,  la  Soci€t^  Scientif- 
ique  de  Bruxellesand  la  Soci€t€  Geographique  d'Anvers.   For 
several  years  preceding  his  death  he  served  on  the  committee 
of  Solar  Physics  appointed  by  the  Lords  of  the  Committee 
of  Council  on  Education ;  also  on  the  committee  for  compar- 
ing and  reducing  magnetic  observations,  appointed  by  the 
British  Association  for   the   Advancement  of  Science.    He 
came  to  America  in  1884,  on  his  way  to  attend  the  meeting 
of  the  British  Association  held  in  Canada.    Those  who  met 
him  at  Woodstock,  Maryland,  were  favorably  impressed 
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with  his  genial  conversation  and  nnassumed  simplicity.  In 
April,  1887,  he  took  part  in  the  International  Astrophotog- 
raphy  Congress  held  at  Paris. 

His  last  expedition  was  to  the  Islands  of  Salut  to  observe 
the  eclipse  of  the  22d  of  December,  1889.  Though  attacked 
by  mortal  sickness  and  feeling  very  ill,  he  stood  at  his  post 
on  that  memorable  day,  giving  quietly  his  orders  and  tak- 
ing, himself,  charge  of  the  principal  instrument.  This  was 
his  last  work  on  earth.  He  was  cairied  to  the  Comus,  and 
as  he  saw  his  last  end  approaching  he  gave  his  instructions 
to  his  assistant,  Mr.  Rooney,  S.  J.,  and  requested  Captain 
Atchinson  to  set  sail  for  Demerara,  hoping  to  die  among  his 
brethren  at  Georgetown ;  but  he  gave  up  his  soul  to  his 
Creator  before  reaching  Demerara,  on  the  27th  of  December, 
1889.  The  bishop  of  the  place,  the  commandant  with 
many  attendants,  came  in  a  tug-boat  to  meet  the  Comus. 
Fr.  Perry  had  promised  the  bishop  to  lecture  on  the  eclipse, 
on  his  return.  Great  then  was  their  grief  and  disappoint- 
ment on  learning  the  sad  reality.  They  received  into  the 
tug-boat  the  remains  of  the  illustrious  astronomer,  and  his 
funeral  took  place  the  following  day.  Fr.  Perry  died  a  true 
martyr  of  science  and  the  astronomical  world  will  long  feel 
his  loss. 


A  SHORT  METHOD  OF  FORMING  THE  EQUATION  IN  CARTESIAN 
COORDINATES  OF  AN  ELLIPSE  PASSING  THROUGH 

FIVE  POINTS. 


H.  H.  FURNESS.  JR. 
For  The  Messenger. 

In  answer  to  the  query  in  The  Sidereal  Messenger  for 
February :  **  What  is  the  equation  in  Cartesian  co-ordinates 
of  an  ellipse  passing  through  five  points  x,  y, ;  x^}W  ^zYz'y 
x^  y^ ;  X5  jj,  or  the  simplest  manner  of  forming  it  ?'*  I  beg  to 
offer  the  following  solution : — 

If  a,  /9,  y^  ^,  represent  the  equations  of  the  sides  of  a  quad- 
rilateral, then 

«r  +  *(/5^)  =  0 
is  the  equation  of  any  conic  passing  through  the  four  ver- 
tices and  one  other  point  dependent  on  the  value  of  A. 

Let  me  now  illustrate  by  means  of  an  example  the  method 
of  determining  this  value  k : 
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For  instance  let  it  be  required  to  find  the  equation  of  a 
line  passing  through  the  point  2,  3  and  the  intersection  of 
jar—  3jr  +  2  =  0  with  Sx  +  y  —  T  =  0 

Then  X  —  3j  +  2  +  k  (3x  +  y—  7)  =  0  is  the  equation, 
and  since  this  is  to  pass  through  the  point  2,  3,  these  vahies 
^viz.,  X  =  2,  J  =  3  must  satisfy  it.    Thus : 

(2  —  9  +  2)  +  A  (6  +  3  -  7)  =0 
—  5+  2k  =  0 

^2 
Then,  substituting  this  value  of  k  in  the  equation  above, 
we  obtain 

x^Sy  +  2  +^    (3x+y-7)=0 

Or  clearing  of  fractions  and  reducing  we  get 

17x— r  — 31  =  0 

which  is  the  equation  of  the  line  required. 

This  is  precisely  the  method  we  shall  employ  in  the  follow- 
'  ng  calculation : 

The  formula  for  forming  the  equation  of  a  straight  line 
Classing  through  two  points  x',  y',  and  x'\  y'\  is 

y-y'  =  ^^^^(x-xO 

Employing  this  formula  for  determining  the  equations  of 
^he  sides  of  the  quadrilateral,  mentioned  above,  its  vertices 
>Deing  X,  y, ;  x,  y^ ;  x,  y^ ;  x,  y, ;  we  obtain 

%}r :    — — =  0  for  the  side  « 


yi      Yj       X,      Xj 
y  —  y,        X  —  X 


-  =  0  for  the  side  y 


JZ  —  74  X,  —  X, 

(71— Ji     X,  — xj  (ys— y*     X3— xj 
Again : 

^~  y«  —  ^  ~  ^J  =  0  for  the  side  fi 


Xa    y»    ^    ^ 


s 


^ — ^'  —  - — -*  =  0  for  the  side  s 
▼4—  yi      X,  -  X, 


=  0 
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Then: 

ly.— ya      X,— Xjf   (y,— y,      X,— X, 
And  «r  +  A  (y^o)  will  be: 

j  y-^yi  _  X  — X, )  (  y  —  y,  _  X  —  X,  )^ 

LVi— y2       X,— xj    (y3— y,       X3— X,  f 

Hyi— ya       X2— X3  f  (y,— yi      x,  — x,  (j 

And  this  is  the  equation  of  a  conic  passing  through  these 
four  points  and  one  other  dependent  on  the  value  of  k. 

Now  since  the  conic  is  also  to  pass  through  x^  y^  we  have 
(when  these  values  for  x  and  y  are  substituted  in  the  value 
of  kf  found  from  the  last  equation  by  transferring  the  first 
term  over  to  the  other  side  and  dividing  by  the  coefficient  of 
k)  the  following : 

i  yr>  ~  yi  __  X,  —  X,  \   j  y,  —  y,  _  X,  ~  X,  ) 
_   (  yi  —  y'>        X,  —  x^  (    /   y,  —  y,         X,  —  X,  f 


k 


i  Z^TT  yjL  _  X,  —  X,  (   i  y5  —  y4  _  X,  — X,  1^ 

i   y^  —  ya        X2  —  X3  f    (   y,  —  y,         X,  —  X,  f 


Then  substituting  this  value  of  k  in  ay  +  k  {/3o)  =  0  we 
obtain  for  our  last  result  (after  clearing  of  fractions)  the 
following  equation : 

j  y  —  yi  _  X  — x^   )  ^  y  —  y.,  _  x~x3  / 
b'l  — y..       Xi  — X,   Uya  — y^       X3  — x^   i" 

X  <y5~y2     X,  — Xa  /  jyg  — y4     xg— x^  } 

b'2  — ya       x.,  — X3   Hy^  — yi       X4— Xi    S 

—    ^  XZL^A  _  X  — X,   I  \  y  —  y4  __  x  —  x^   / 
b'^  — ya       X,  — X3  )  U'4  — yi       X4  — Xi   \ 

<yi~y2      x^  — X,  nys  — y4      X3  — X4  i 

I  fear  the  querist  will  scarcely  feel  that  I  have  helped  him 
by  presenting  such  a  formidable  equation  as  the  simplest, 
vet  such  it  is. 

My  thanks  are  due  in  great  part  to  Professor  E.  S.  Craw- 
ley, of  the  University  of  Pennsylvania,  for  his  efficient  help 
and  kind  supervision  of  the  work. 
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SUGGESTIONS  AS  TO  A  NEW  GENERAL  CATALOGUE  OF  STARS. 

G.   F.  CHAMBERS,   F.  R.  A.  S 


I 


I  have  recently  been  engaged  in  compiling  for  my  own 
purpose  a  catalogue  of  all  the  naked-eye  stars  down  to  the 
5th  magnitude,  basing  my  magnitudes  in  all  cases  on  the 
Harvard  Photometry',  the  Uranometria  Oxoniensis,  or  the 
Uranometria  Argentina  as  the  case  might  be.  Two  points 
have  very  forcibly  impressed  themselves  upon  me  in  execut- 
ing this  task:  (1)  The  urgent  necessit3'  which  exists  that  as- 
tronomers should  be  provided  as  soon  as  maybe  with  a  new 
comprehensive  general  catalogue  of  stars;  and  (2).  that  the 
photometric  methods  put  in  practice  at  Harvard  and  Ox- 
ford ought  to  be  applied  with  the  least  possible  delay  to  the 
southern  hemisphere. 

By  a  comprehensive  general  catalogue  I  mean  one  modeled 
in  some  degree  on  the  B.  A.  C,  but  to  contain  man3^  more 
stars,  or,  say  all  stars  down  to  the  seventh  magnitude.  I 
believe  it  is  the  fashion  in  some  quarters  to  sneer  at  the 
B.  A.  C,  but  most  unreasonably,  as  I  venture  to  think.  Of 
course  it  is  forty -five  years  out  of  dat^e;  of  course  it  is  not 
up  to  the  requirements  of  the  present  generation :  new  meth- 
ods, and  new  instruments  (and  man3'  more  of  them),  are 
now  to  be  found  which  were  not  available  when  BaiW  per- 
formed his  self-allotted  task.  All  these  things  support  m\' 
plea  for  a  new  catalogue. 

The  Royal  Astronomical  Society  of  London  when  an  in- 
fant institution  did  useful  service  bj'  publishing  a  general 
catalogue  of  its  own:  that  work  paved  the  wa3'  for  the 
B.  A.  C,  and  my  present  suggestion  is  that  the  society  or  its 
German  brother,  the  Astronomische  Gesellschaft,  should 
take  in  hand  forthwith  the  new  general  catalogue  which  is 
so  much  wanted.  I  will  make  no  attempt  at  this  moment 
to  suggest  how  it  should  be  put  together. 

With  reference  to  the  question  of  photometric  methods, 
I  have  been  much  struck  in  putting  together  my  catalogue 
(in  which  I  have  given  both  sets  of  values)  with  the  remark- 
able accord  everywhere  subsisting  between  the  Harvard  and 
Oxford  values.  This  uniform  accord  seems  to  me  to  render 
the  intrinsic  value  of  both  very  high  indeed.    And  it  is  this 
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belief  which  induces  me  to  urge  very  strongly  the  desirabil- 
ity of  the  whole  southern  hemisphere  being  investigated  at 
once  with  instruments  of  the  like  character.  This  idea;  un- 
doubtedly sound  in  the  abstract,  finds  confirmation  in  the 
discrepancies  which  I  have  noticed  in  the  ma^itudes  as- 
signed by  Dr.  Gould  in  the  Uranometria  Argentina  to  the 
stars  below  (say)  mag.  5Va  which  were  observed  for  magni- 
tude b^'  him,  as  well  as  at  Harvard  and  Oxford,  and  I  chink 
that  the  sooner  the  stars  in  the  southern  hemisphere  are 
submitted  to  exact  photometric  test  by  means  of  suitable 
photometric  instruments  the  better. — Astronomiscfw  NhcH- 
richten.  No.  295^. 
East  BorBNE,  Sussex,  Enolaxd. 


THE   REFINEMENT   OF   MODERN    MEASUREMENTS' 


I 


Progress  is  to-day  written  upon  every  page  of  the  world's 
record ;  and  particularly  in  the  realms  of  science  is  it  making 
its  unmistakable  mark;  from  ihence  extending  outward  to 
the  vast  range  of  correlated  studies  that  go  to  make  up  the 
sum  of  human  knowledge  and  economics.  In  astronomy 
and  astronomical  engineering,  in  physics  and  chemistry,  in 
civil  and  mineral  engineering,  in  meteorology  and  in  metrol- 
ogy and  in  mechanics,  to  saynothingof  many  other  branches 
of  science,  do  we  find  progress  as  the  watchword  and  the 
theme  that  excites  and  moves  the  human  brain  to  grander 
and  better  achievements.  It  is  my  pleasure,  and  an  enjoy, 
able  privilege,  to  call  the  attention  of  this  Society,  in  my  re- 
tiring address  as  your  president,  to  some  of  these  lines  of 
progress  in  which  1  have  for  many  years  been  interested, 
and  which  I  trust  will  prove  of  interest  to  you,  I  shall 
therefore  present  some  thoughts  dn  the  refinements  of  mod- 
ern measurements. 

When  Dr.  Alfred  M.  Mayer,  of  the  Stevens  Institute,  pub- 
lished his  splendid  papers  on  the  minute  measurements  of 
modem  science  in  the  Scienti/ic  American  Supplement,  some 
fifteen  years  ago,  it  opened  the  eyes  of  many  of  our  Ameri- 
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can  mechanics  to  the  possibilities  of  a  refinement  in  meas- 
urements they  had  never  dreamed  of,  and  I  believe  those  pa- 
pers, written  in  such  clear  and  untechnical  language,  have 
done  an  incalculable  amount  of  good  to  mechanics,  who  to- 
day show  it  by  their  accurate  work,  to  some  of  which  I 
shall  refer  later  on. 

The  day  has  forever  *passed  when  we  are  willing  to  say  or 
believe  that  **  three  barley-corns  make  one  inch,'*  nor  is  the 
advanced  mechanic  of  to-dav  satisfied  with  his  boxwood 
rule,  ^aduated  to  thirty-seconds  of  an  inch,  save  for  the 
coarsest  approximate  measurements ;  but  he  must  have  his 
Brown  and  Sharp  standard  graduated  to  one  one-hun- 
dredth inches  for  his  coarse  measures,  and  his  micrometer 
gauges  reading  to  one  one-thousandth  for  his  ordinary 
work.  Even  in  our  iron  and  steel  works,  the  old-time  wire  " 
guage,  that  for  a  long  time  held  its  own,  has  been  displaced 
by  the  modern  micrometer  guage  of  infinitely  greater  accu- 
racy. '       . 

My  esteemed  friend,  Mr.  George  M.  Bond,  has  said  very 
appropriately,  that  **the  arm  of  King  Henry  the  First,  or 
the  barley-corn,  though  possibly  furnishing  standards  good 
enough  for  that  time,  would  hardly  satisfy  the  demands  of 
our  modern  mechanics  or  tool-makers,  who  work  verv  often 
within  the  limit  of  one-thousandth  of  an  inch,  and  even  one- 
tenth  of  this  apparently  minute  quantity,  with  surprising 
unconcern  and  no  less  accuracy."  Prof.  Wm.  A.  Rogers  has 
also  shown  that  many  of  our  modern  mechanics  can  calliper 
to  one  thirty-thousandth  of  an  inch.  These,  however,  are 
coarse,  rough  measures  when  compared  with  others  I  shall 
mention  in  the  course  of  this  paper. 

In  the  domain  of  astronomical  measurements  great  pro- 
gress has  been  made  of  late  years  by  the  use  of  refined  in- 
strumental means,  as  well  as  the  many  methods  devised  for 
the  elimination  of  instrumental  errors.  The  divisions  of  the 
meridian  circle  have  been  brought  to  astonishing  accuracy. 
I  may  mention  two  of  the  best  dividing  engines  in  the  world 
which  I  have  examined  through  the  courtesy  of  the  con- 
structors. Perhaps  the  most  celebrated  is  that  of  the  Rep- 
solds  in  Hamburg.  This  wonderful  engine  has  come 
through  three  generations  of  celebrated  mechanicians,  each 
one   adding   to  its  accuracy  until  now  it  seems  to  have 
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reached  the  limit  of  human  capability;  in  other  words,  as 
perfect  as  the  environments  of  temperature,  and  other  fac- 
tors over  which  human  hands  and  brains  have  no  control, 
will  allow  it  to  be  brought.  The  maximum  error  of  the  best 
circles  divided  by  this  engine  equals  1.17''.  This  engine  is 
not  automatic,  but  each  line  is  set  bv  from  one  to  five  micro- 
scopes,  and  the  division  traced  by  hand. 

The  other  engine  is  that  constructed  by  Messrs.  Fauth  & 
Co.,  of  Washington,  D.  C,  and  is  entirely  automatic  in  its 
work.  It  is  a  fine  piece  of  mechanical  construction,  and 
does  honor  to  the  constructors,  and  when  compared  with 
the  original  dividing  engine  of  Ramsden,  which  I  have  exam- 
ined, and  which  was  a  marvellous  piece  of  work  for  its  time, 
it  tells  unmistakably  the  advance  of  modern  mechanical  ap- 
pliances in  that  direction.  The  mean  error  of  a  circle  re- 
cently divided  on  this  engine  for  the  Cincinnati  Observatory, 
as  determined  by  Prof.  Porter,  is  not  greater  than  1.0''. 
The  Heliometer  is  now  playing  a  most  important  part  in 
accurate  astronomical  measurements,  and  the  work  of  Dr. 
Elkin  of  the  Yale  University  Observatory,  and  that  of  Dr. 
Gill  at  the  Cape  of  Good  Hope,  with  this  instrument,  will, 
in  all  probability,  give  us  a  nearer  approach  to  the  absolute 
solar  parallax  than  has  yet  been  obtained ;  and  this  may  be 
appreciated  when  you  remember  that  the  uncertainty  lies  in 
the  third  decimal  place  of  seconds  of  arc,  a  quantity  alto- 
gether inappreciable  to  ordinary  mortals. 

This  instrument  has  been  largely  used  in  a  determination 
of  the  parallax  of  the  **  fixed'*  stars,  and  such  measurements 
are  perhaps  the  most  refined  in  the  whole  realm  of  astro- 
nomical studies,  as  no  star  has  yet  been  found  with  a  paral- 
lax greater  than  0.9  seconds  of  arc,  and  most  of  those  near- 
est to  us  are  not  greater  than  half  that  quantity.  When  it 
is  considered  that  personal  and  instrumental  errors,  must  be 
eliminated  for  a  period  extending  over  one-half  the  earth's 
annual  revolution,  it  is  not  to  be  wondered  that  in  manv 
cases  the  measure  came  out  sometimes  a  plus — sometimes 
a  minus  quantity,  with  instruments  used  for  the  purpose  be- 
fore the  Heliometer  was  brought  into  requisition.  I  should 
like  to  describe  this  instrument,  which  indeed  has  been 
wrongly  named,  but  time  will  not  permit. 

The  astronomical  camera  is  also  adding  largely  to  accur- 
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ate  astronomical  measurements.  It  was  thought  at  first 
that  the  shrinking  of  the  film  on  the  negatives  would  make 
stellar  distances  an  uncertain  factor,  but  no  less  an  author- 
ity than  Dr.  Elkin  asserts  that  the  photographic  charts  of 
the  Pleiades  are  as  accurate  for  refined  measurements  as  the 
stars  themselves  by  the  use  of  the  Heliometer,  and  whereas 
many  of  these  stellar  measurements  have  to  be  carried  on 
for  years  under  the  most  trying  conditions,  by  the  photo- 
graphic method,  a  few  hours  will  photograph  all  the  stars 
of  a  group,  or  cluster,  down  to  the  sixteenth  magnitude, 
and  then  the  plate  may  be  leisurely  studied  and  measured  in 
the  laboratory  without  hindrance  from  cloud,  bad  definition 
or  the  thousand  and  bne  diflficulties  the  astronomer  meets  in 
endeavoring  to  reach  his  ideal.  I  could  dwell  here  for  all  the 
time  at  my  disposal,  but  I  dare  not. 

Time  measurements  in  astronomical  Observatories  have 
reached  wonderful  accuracy.  When  our  big  bell  tolls  the 
quarert  hours  of  the  dial,  we  pull  out  our  watches  and  are 
satisfied  if  we  are  within  quarter  of  a  minute.  Fortu- 
nately, our  astronomer  at  the  Allegheny  Observatory  is  not 
so  easily  satisfied.  If  the  stars  will  but  shine,  he  is  not  con- 
tent if  the  error  be  sixty  times  less,  /.  e. — a  quarter  of  a  sec- 
ond; and  I  recently  saw  the  figures  for  several  days'  **  time'* 
work,  w^here  the  errors  were  not  greater  than  three  one-hun- 
dredths  of  a  second.  We  all  know  the  great  benefit  of  this 
time,  transmitted  to  our  railroad  centers,  and  if  human  in- 
genuity could  but  have  the  trains  keep  time  with  the  stars^ 
we  should  never  have  the  paradoxical  phenomenon  of  two 
trains  endeavoring  to  occupy  the  same  track  at  the  same 
time. 

A  recent  instrument  for  accurate  astronomical  measure- 
ment, invented  by  Prof.  S.  P.  Langley,  and  constructed  at 
our  works,  is  named  by  the  inventor  an  occulting  eye  piece. 
Experiments  have  shown  that  the  time  of  the  occultation  of 
a  star  may  be  readily  determined  with  this  instrument 
within  one-twentieth  of  a  second,  and  with  experience  the 
time  may  possibly  be  determined  within  one-fiftieth  of  a  sec- 
ond, and  this  perfectly  free  from  the  element  of  persona] 
equation. 

In  the  construction  of  astronomical  instruments  greater 
and  greater  perfection  is  being  reached  in  every  decade,  and 
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the  time  has  passed  when  the  astronomical  engineer  is  satts- 
lied  with  "cut  and  try"  methods  as  of  old.  The  mathema- 
tician stands  by  him  ever  ready  with  the  magic  plus  and  mi- 
nus, to  urge  him  on  to  higher  attainments,  to  reach  as  near 
as  possible  to  the  demands  of  nature's  nnalterable  laws. 
The  object-glass  of  the  telescope,  that  marvellous  eye  that 
jjeers  into  the  fathomless  depths  of  stellar  space,  is  now 
brought  to  most  wonderful  perl'ection,  and  has  almost 
reached  the  limit  of  human  possibilities.  The  refinement  of 
the  measurements  of  its  curves  may  be  slightly  compre- 
hended by  the  uninitiated,  when  I  say  from  personal  knowl- 
edge and  experience  that  the  rubbing  of  a  surface  for  a  few 
seconds  of  time  with  the  tip  of  the  linger  and  the  finest  of 
polishing  material,  may  ruin  the  accurate  performance  of 
the  glass.  The  measurements  of  the  curves  sometimes  reach 
to  the  sixth  decimal  place,  and  the  artist  of  to-day  can  de- 
termine so  minute  a  quantity  with  great  precision  andcer- 
tamty.  In  modem  investigations  of  the  object-glass  of  the 
telescope,  no  one  has  done  so  much  to  bring  it  up  to  the 
highest  standard  of  perfection  as  Dr.  Charles  S.  Hastings  of 
Yale  University,  He  has  just  completed  some  of  the  most 
refined  studies  in  this  line  that  have  ever  been  made,  and, 
perhaps,  since  the  days  of  Gauss,  no  such  advancement  in 
mathematical  dioptrics  has  been  made,  which,  carried  cot 
experimentally,  is  now  yielding  most  remarkable  results. 

In  the  realms  of  physical  investigation  and  apparatus, 
great  accuracy  has  been  reached  in  the  past  few  years.  Let 
me  mention  one  branch  in  which  I  have  taken  an  humble 
part,  namely,  the  production  of  optical  surfaces  and  the  ml- 
ing  thereon  of  those  marvellous  diffraction  gratings  whidi 
have  so  greatly  advanced  the  study  of  spectrum  analysis. 
I  can  well  rememtier  when  Nobert,  of  Pomerania,  produced 
his  first  test-bands  for  the  microscope,  and  when  he  pro- 
duced his  first  diffraction  grating,  which,  in  its  entire  ruled 
surface,  was  but  two  centimeters  square.  To-day  we  are 
producing  surfaces  fifteen  centimeters  square,  in  which  the 
error  of  curvature  or  flatness,  as  the  case  may  be,  is  less 
than  one  two-hundred-thousandths  of  an  inch;  and  on 
which  Prof.  Rowland  has  ruled  one  hundred  and  ten  tboa»- 
and  lines  with  such  precision  that  the  error  between  any 
two  of  the  lines  is  probably  leas  than  one  three-million tbs  of 
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an  inch.  With  this  instrument  of  research  physicists  have 
holdly  entered  into  new  and  untrodden  regions  of  nature, 
and  are  from  time  to  time  uncovering  her  hidden  wealth  to 
enrich  the  storehouse  of  earthly  knowledge.  I  present  for 
jrour  inspection  the  wonderful  map  of  the  spectrum  of  the 
sun,  which  has  been  so  recently  placed  in  our  possession  b3' 
Professor  Rowland.  Here,  spread  before  you,  is  the  result 
produced  by  the  use  of  the  concave  diffraction  grating,  un- 
touched by  the  hand  of  man.  Here,  in  the  red  end  of  the 
spectrum,  you  see  the  marvellous  B  group,  never  before  pho- 
tographed as  you  see  it  now.  Here  you  see  the  great  C  line 
and  here  the  D  lines,  one  of  which  is  plainly  double,  while 
you  see  thirteen  lines  between  the  D  lines.  I  can  well  re- 
member when  the  instrument  that  would  show  the  one 
nickel  line  between  the  D  lines  was  considered  a  marvellous 
piece  of  work.  Passing  over  the  thousands  upon  thousands 
of  lines  between  the  D  lines  and  the  H  line,  we  stop  for  a  mo- 
ment to  examine  between  the  H  and  K  lines.  Here  is  Ang- 
strom's celebrated  map  of  the  solar  spectrum.  If  you  will 
examine  it  you  will  see  he  places  three  lines  between  H  and 
K.  In  this  photographic  chart  before  you,  I  count  one  hun- 
dred and  twenty -one  lines  between  the  H  and  K.  But  here 
Angstrom  stops  with  his  chart,  because  the  human  eye 
fails  to  see  satisfactorily  much  farther;  but  on  this  photo- 
graphic chart  we  have,  beyond  the  H  K  group,  more  lines 
than  in  the  whole  of  Angstrom's  map,  as  you  see  extending 
about  thirteen  feet  on  the  photographic  chart  beyond  that 
'which  is  visible  to  the  human  eye,  and  containing  thousands 
of  lines.  The  value  in  wave  lengths  on  these  charts  is  given 
within  one  one-hundred-thousandth  of  its  true  position. 

All  this  has  been  brought  about  by  work  of  the  highest 
character  requiring  refined  measurements  and  manipulation, 
of  which  our  forefathers  knew  practically  nothing.  But  the 
end  is  not  yet.  Refined  as  these  measures  may  be,  yet  finer 
and  more  critical  are  being  done,  and  we  are  now  construct- 
ing a  machine  called  by  its  inventor,  Professor  Albert  Michael- 
son,  an  "Interferential  Refractometer,"  in  which  this  same 
phenomena  of  interference  is  made  the  basis  of  measurement 
which  lies  close  to  the  border  land  of  human  possibilities. 

You  are  all  aware  that  the  various  enlightened  and  civil- 
ized nations  have  standards  of  weight  and  measure  that 


210 


The  Siderea/  Meswnger. 


have  slowly  been  evolved  from  the  cubit,  the  span,  the  linger 
length  and  the  barleycorn,  if  you  please.  Intimately  associ- 
ated with  the  evolution  of  standards  of  measurements  arc 
the  names  of  Kater,  Bailey,  Bessel,  Airy,  Bird,  Trooghton. 
Babbage,  Ramsden,  Repsold  and  many  others  I  could  name; 
but  in  our  modem  work  perhaps  few  men  have  done  more 
than  our  own  Professor  William  A.  Rogers,  whom  some  of 
you  know  personally.  I  bere  submit  to  you  one  of  his  deci- 
metre  standards  in  which  we  hnve  included  standards  ^^H 
the  centimetre,  millimetre  and  hundredths  of  raillimeters^^^H 
But,  as  I  said,  nations  have  their  standards.  On  whaf^^l 
they  based?  The  French  metre  is  presumed  to  be' one  ten- 
millionth  of  the  earth's  quadrant,  the  English  yard  evolved 
from  the  barley-corn,  etc.,  but  the  measurements  of  precision 
in  our  day  demand  an  indestructable,  absolute  and  unalter- 
able basis  for  our  standards,  so  that  if  they  all  be  destroyed 
the  original  is  still  available.  Professor  Michaelson  has 
chosen  a  wave-length  of  sodium  light  as  the  basis  for  n  t 
standard,  a  something  that  will  remain  forever  of  the  a 
(ibsolute  lineftr  value,  or  at  least  so  long  as  the  solar  syii 
doats  in  the  luminiferous  ether  that,  so  far  as  we  know, 
varies  the  entire  universe.  Now,  a  wave-length  of  so(S 
light  is,  roughly  speaking,  about  one  forty-two-thousai* 
of  an  inch  long;  or  better,  five  thousand  eight  hundred  e 
ninety  ten-milliontlis  of  a  millimeter.  Now,  as  this  is  an  ap- 
preciable figure,  it  is  evident  that  any  method  proposed  to 
measure  its  absolute  value  must  be  of  the  highest  accuracy. 
The  method  devised  by  Professor  Michaelson  in  the  refracto- 
metre  has  certainly  brought  the  work  to  marvellous  perfec- 
tion ;  for  in  a  paper  read  by  him  at  the  Cleveland  meeting  of 
the  American  Association,  he  showed  that  the  error  was  not 
greater  than  one  part  in  two  millions,  and  possibly  woold 
be  made  not  greater  than  one  in  ten  millions.  Gcntlen 
can  you  appreciate  such  a  quantity?  Yet  here  is  a  i 
icist,  with  a  high  ideal  of  perfection,  taking  the  pa! 
tions  that  are  sent  earthward  by  the  sun,  and  by  methods 
within  the  reach  of  human  skill,  actually  recording  them 
upon  a  standard  bar  immersed  in  a  freezing  mixture  and 
giWng  us  a  universal  standard  based  upon  the  absolute 
value  of  a  wave-length  of  light.  You  may  appreciate  some 
of  the  niceties  in  the  construction  of  this  interferential  re- 
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fractometer  when  I  tell  you  that  in  making  some  of  the  op- 
tical surfaces  for  use  with  it,  Professor  Michaelson  demands 
an  accuracy  closely  bordering  on  one  millionth  of  an  inch. 

With  the  new  instrument  Professor  Michaelson  proposes 
to  carry  out  advanced  experiments  on  studying  the  coeflS- 
cients  of  expansion  of  standards,  etc.,  the  coefficients  of  elas- 
ticity, and  critical  measurements  of  the  indices  of  refraction 
of  various  substances.  But  I  must  not  dwell  here,  though 
the  theme  is  as  enchanting  as  Fairy  Land.  Nations  have 
joined  together  for  the  production  of  standards  of  weights 
and  measures,  and  but  recently  our  government  has  received 
its  new  set,  of  which  I  hope  we  shall  have  a  full  description 
in  the  lecture  we  are  to  enjoy  from  Professor  Mendenhall  on 
this  very  subject.  It  may  be  of  interest  to  you,  however,  to 
mention  the  fact  that  Professor  Wm.  A.  Rogers,  formerly  of 
Harvard  Observatory,  has  devoted  the  better  part  of  his  life 
in  studying  thfe  errors  of  standards  in  use  in  this  country 
and  in  Europe,  as  well  as  producing  some  of  the  best  work 
in  this  line  that  has  ever  yet  been  done.  Perhaps  no  living 
man  has  worked  so  earnestly  upon  his  hobby.  For  years  he 
got  out  of  his  bed  at  five  o'clock  every  morning  to  compare 
his  bars  of  bronze,  steel,  copper  and  glass,  at  an  hour 
when  they  had  swung  through  their  occillation  or  tempera- 
ture changes  so  as  to  be  able  to  determine  the  absolute 
value  of  their  coefficient  of  expansion,  as  well  as  to  learn 
whether  the  material  from  which  the  standards  were  made 
passed  through  slow  molecular  changes  or  not.  Among 
many  important  facts  he  has  brought  to  light,  is  that  of  the 
equable  expansion  of  metals,  etc.,  i.  e.,  that  the  expansion  is 
equal  for  each  degree  within  a  range  from  zero  to  the  boiling 
point,  so  that  it  is  now  only  necessary  to  know  the  coeffi- 
cient for  one  degree,  and  add  or  subtract  from  the  standard 
temperature  at  which  the  bar  was  normal.  In  the  produc- 
tion and  ruling  of  these  standards  there  are  so  many  factors 
that  come  as  hindrances  to  perfect  work,  that  Professor 
Rogers  must  have  added  to  his  virtues  that  of  patience  to  a 
very  large  degree.  I  have  no  doubt  some  of  our  members 
call  to  mind  his  paper,  read  in  Pittsburgh  some  four  or  five 
years  ago,  before  the  National  Association  of  Mechanical 
Engineers,  on  *'A  Solution  of  the  Perfect  Screw  Pro^' 
The  great  Whit  worth   said,  **a  perfect   screw 
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made,"  and  perhaps  he  was  correct,  but  Professor  Rogers 
has  brought  its  solution  about  as  close  as  any  living  man, 
except,  perhaps.  Professor  Rowland,  who  indeed  makes  the 
best  screw  possible  by  mechanical  means,  and  then  by 
studying  its  errors,  eliminates  them  by  one  of  the  most 
simple,  yet  beautiful  devices,  ever  applied  to  the  solution  of 
so  important  a  problem.  Those  of  you  who  may  be  in- 
terested in  this  matter,  will  find  a  most  excellent  article  on 
the  subject  by  Professor  Rowland  under  the  title,  "Screw," 
in  the  ninth  edition  of  the  Encyclopedia  Britannica.  I  here 
take  the  liberty  to  show  you  a  screw  made  under  the  sui>er- 
vision  of  Professor  Rogers  in  some  of  his  earlier  work.  Its 
linear  error  is  not  greater  than  0.00005  of  an  inch,  but  it 
has  unfortunately  a  periodic  error  of  drunkenness,  that 
makes  it  useless  for  the  purpose  for  which  it  was  designed, 
though  for  purposes  where  it  can  be  used  in  whole  revolu- 
tions, it  is  perhaps  equal  to  any  ever  made.  It  cost  the 
labor  of  two  of  the  best  workmen  of  the  Waltbam  Watch 
Tool  Co.,  for  4-25  hours,  at  $1  per  hour,  so  that  it  cost  al- 
most half  its  weight  in  gold. 

One  of  the  most  delicate  methods  of  studying  a  so-called 
perfect  screw  is  to  rule  a  diffraction  grating  by  the  aid  of  a 
diamond  moved  by  the  screw.  If  there  are  errors  of  drunk- 
enness as  in  this  screw,  the  interference  is  so  irregidar  th;it 
no  lines  can  be  seen  in  the  spectrum  of  the  line  from  the  grat- 
ing so  ruled.  If  it  is  more  nearly  perfect,  the  imperfection  is 
made  known  by  false  lines  or  ghosts  in  the  spectnim,  and 
like  Banquo's,  they  will  not  down  until  the  errors  of  the 
screw  are  eliminated.  There  are  manv  other  methods  of  de- 
termining errors  in  the  run  of  a  screw,  some  of  them  of  high 
value,  and  it  is  with  considerable  pride  that  I  say  our  Ameri- 
can machine  shops  are  taking  advantage  of  them  to  pro- 
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By  invitation  the  Annual  Meeting  was  held  in  ( 
of  the  California  Academy  of  Sciences,  the  President,  E.  S, 
Holden,  presiding. 
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The  minutes  of  the  last  meeting  were  read  and  approved. 
After  thanking  the  Academy  of  Sciences  for  the  use  of  their 
large  rooms  the  chair  called  upon  the  Committee  on  Nomi- 
nations to  report.  The  Committee  submitted  the  following 
ticket  of  eleven  for  Board  of  Directors  and  a  Committee  of 
three  on  Publication : 

For  Board  of  Directors— B.  S.  Holden,  Frank  Soule,  J.  M. 
Schaeberle,  Charles  Burckhalter,  Wm.  Alvord,  Wm.  M.  Pier- 
son,  E.  J.  Molera,  C.  M.  Grant,  C.  B.  Hill,  J.  H.  Wythe,  F. 
R.  Ziel. 

For  Publication  Committee— E.  S.  Holden,  J.  E.  Keeler, 
C.  G.  Yale. 

The  polls  were  declared  open  until  9  o'clock  and  Messrs. 

E.  H.  McConnell  and  P.  R.  Ziel  appointed  tellers.  The  elec- 
tion resulted  in  the  ticket  being  unanimously  elected. 

The  following  were  elected  to  membership :  Messrs.  Grieg, 
Maw  and  Davidson,  were  made  life  members;  Alanson  H. 
Phelps,  H.C.Lion,  H.  T.  Bestor,  A.  M.  Hickox,  Harvey  Dur- 
brow,  Mrs.  H.  A.  Harland  and  W.  E.  Hess,  San  Francisco ; 
George  Gleason,  Berkeley,  Cal.;  Miss  M.  E.  Chase,  Santa 
Rosa,  Cal.;  A.  W.  Craig,  Oakland,  Cal.;  Mrs.  Harriet 
Wright,  Denver,  Colorado;  D.  Patin,  Philadelphia;  J.  J. 
Malowney,  Hebron,  Neb.;  Arthur  M.  Hussey,  Ann  Arbor, 
Mich.;  Andrew  Greig,  Tay  Port,  Scotland;  Miss  Dorothea 
Klumpke,  Paris,  France;  O.  A.  H.  Pihl,  Christiania,  Nor- 
way; A.  Stanley  Williams,  F.  R.  A.  S.,  Brighton,  England; 
W.  H.  Maw,  F.  R.  A.  S.,  London,  England;  Herbert  Sadler, 

F.  R.  A.  S.,  London,  England;  John  Tebbutt,  F.  R.  A.  S., 
New  South  Wales;  J.  Ewell  Davidson,  Queensland,  Austra- 
lia; Miss  Lassell,  Maidenhead,  England. 

The  Secretaries  announced  the  receipt  of  seventy-five  pres- 
ents and  publications  and  the  thanks  of  the  Society  were  re- 
turned to  the  donors. 

Treasurer  E.  J.  Molera  read  his  Annual  Report  which 
showed  the  following  results  for  the  first  year's  work  of  the 
Societv. 

Receipts  from  Dues $2,14r».00 

Receipts  from  Publications 2.00 

Received  from  Alexander  Montgomery  for  Library  Fund 2,500.00 

Received  from  Joseph  A.  Donohoe  for  Comet  Medal  Fund 500.00 

Total  Receipts $5,14^7.00 
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Expenditures  for  Publications  and  other  expenses $1,026.25 

Cash  in  Bank  (General  Fund) 1,120.75 

Cash  in  Savings  bank 3,000.00 

$1,000  of  the  Library  Fund  is  to  be  expended  in  the  purchase  of  a 
library  for  the  use  of  the  members. 

A  communication  was  read  from  Messrs.  Hausman  and 
Jones,  proposing  the  establishing  of  an  Observatory  in  San 
Francisco  for  the  use  of  members  of  the  Society.  The  com- 
munication was  referred  to  a  committee  to  report  at  the 
next  meeting. 

Mr.  J.  M.  Schaeberle  presented  a  paper  entitled  **A  Me- 
chanical Theory  of  the  Solar  Corona."  It  stated  that  his 
investigations  seemed  to  prove  conclusively  that  the  solar 
corona  is  caused  by  light  emitted  and  reflected  from  streams 
of  matter  ejected  from  the  sun  by  forces  which  in  general  act 
along  lines  normal  to  the  surface  of  the  sun ;  these  forces  are 
most  active  near  the  center  of  each  sun-spot  zone. 

Owing  to  the  rotation  of  the  sun,  the  streams  of  matter 
will  not  He  along  normals,  since  the  angular  velocity  of  dif- 
ferent portions  of  the  stream  grows  less  as  the  distance  from 
the  sun  increases;  in  other  words,  the  streams  are  double 
curvature.  Each  individual  particle  of  the  stream,  however, 
describes  a  portion  of  a  conic  section,  which  is  a  very  elon- 
gated ellipse  so  long  as  the  initial  velocity  is  less  than  383 
miles  per  second  (assuming  that  the  sun's  atmosphere,  as 
shown  by  various  observations,  is  exceedingly  rare). 

The  variations  in  the  type  of  the  corona  admit  of  an  ex- 
ceedingly simple  explanation,  being  Hue  to  nothing  more 
than  the  change  in  the  position  of  the  observer  with  refer- 
ence to  the  plane  of  the  sun's  equator.  Accordingly,  as  the 
observer  is  above,  below,  or  in  the  plane  of  the  sun's  equa- 
tor, the  perspective  overlapping  and  interlacing  of  the  two 
sets  of  streamers  cause  the  observed  apparent  variations  in 
the  type  of  the  corona. 

Mr.  Schaeberle  then  exhibited  a  model,  in  which  the  sun  is 
represented  by  a  ball  about  an  inch  in  diameter,  from  which 
radiate  a  number  of  needles,  to  represent  the  streams  of 
matter.  All  these  needles  are  contained  between  two  zones 
corresponding  to  ±  30°  of  latitude.  The  longer  ones  are 
most  numerous  near  the  middle  of  each  zone,  and  slightly 
more  inclined  to  the  normal  than  the  shorter  ones,  in  order 
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that  the  more  distant  portions  of  the  needles  (representing 
the  outgoing  streams)  shall  have  directions  roughly-  the 
same  as  required  by  physical  laws.  Eight  photographs  of 
the  model,  representing  the  various  types  of  the  corona,, 
were  also  shown. 

When  the  model  is  placed  in  a  beam  of  parallel  rays  and 
its  shadow  allowed  to  fall  upon  a  screen,  the  slightest 
change  in  the  position  of  the  model  produces  an  entirely 
new  image. 

Mr.  Schaeberle  stated  that  he  had  thus  far  been  unable  to 
find  a  single  observed  phenomenon  which  could  not  be  ac 
counted  for  by  this  mechanical  theory. 

A  discussion  of  the  theory  and  a  comparison  showing  the 
remarkable  agreement  with  observation  will  appear  in  the 
report  of  the  eclipse  of  December  21, 1889. 

Mr.  Holden  gave  an  account  of  the  photometric  determi- 
nations of  the  actinic  brightness  of  the  Corona.  Two  of 
the  plates  taken  by  Mr.  Bumham  and  two  taken  by  Mr. 
Schaeberle  were  standardized.  A  preliminary  reduction  of 
these  plates  show  that  the  brightness  of  the  corona  and  sky, 
as  measured  directly  from  the  plates,  will  substantially  re- 
produce the  results  obtained  by  Mr.  W.  H.  Pickering  at  the 
eclipse  of  1886  in  Grenada.  That  is,  the  brightness  of  the 
corona,  as  measured  directly  from  the  plates,  will  be  only 
about  40  per  cent  of  that  obtained  from  Mr.  Barnard's 
plates  of  the  California  eclipse  of  January  1,  1889.  Mr. 
Pickering's  plates  of  1886  were  not  developed  for  several 
months  after  the  eclipse,  and  when  developed  the  films  were 
found  to  have  deteriorated.  The  Cayenne  plates  showed 
also  a  great  deterioration,  due  to  dampness,  thougli  they 
were  developed  immediately  after  exposure.  Precautions 
were,  however,  taken  before  the  eclipse,  which  will  possibly 
enable  us  to  give  a  numerical  estimate  of  the  amount  of 
change.  Besides  the  eclipse  plates  ten  others  (A,  B,  C,  D,  E, 
F,  G,  H,  I,  J),  were  standardized  b3'  Mr.  Barnard  at  the 
Lick  Observatory,  on  September  24,  1889.  A,  B,  C,  D  were 
taken  to  the  eclipse  and  E,  F,  G,  H,  I,  J  remained  at  the  Lick 
Observatory.  I  and  J  were  developed  on  September  24, 
1889,  immediately  after  exposure.  A  and  B  were  developed 
at  Cayenne  on  December  22,  1889.  E  and  F  were  devel- 
oped at  the  Lick  Observatory'  on  the  same  day. 
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C  and  D  were  retnnied  undeveloped  to  tlie  Lick  Obsenra' 
tory  (arriving  there  March  5. 1S90).  G  and  H  (still  unde- 
veloped) and  C  and  D  were  then  re-standardized  by  Mr. 
Barnard  ^arch  16th,  and  all  four  were  developed  together, 
March  17.  Thus  a  complete  history-  of  the  changes  of  these 
plates  is  available;  and  it  is  possible  that  a  numerical  factor 
can  be  obtained  by  which  to  multiply  the  measures  of  bright- 
ness obtained  directly  from  the  plates  taken  at  Cayenne  to 
obtain  the  results  which  they  would  have  given  had  the 
eclipse  occurred  at  Mt.  Hamilton, 

The  practical  result  of  this  interesting  experiment  is  to 
show  that  plates  which  are  to  be  exposed  in  a  damp  climate 
should  be  hermetically  sealed  until  they  are  exposed  and 
again  sealed  immediately  afterwards.  The  agreement  be- 
tween the  results  of  Mr.  Pickering's  measures  and  those  of 
December,  1889,  shows  that  both  are  erroneous.  The  meas- 
ures on  the  plates  of  January,  1889,  are  to  be  taken  as  cor- 
rect, at  least  for  the  present. 

Papers  were  also  presented  by  Dr.  H.  Kreatz,  of  Kiel,  on 
Die  Astronomiscbe  Gcssellschafi :  by  Mr.  A.  O.  I^euschner, 
on  The  Orbit  of  ir  Hercules;  by  Professor  Daniel  Kirkwood, 
on  The  Similarity  of  Certain  Asteroid  Orbits.  The  meeting 
then  adjourned. 

After  the  adjournment  of  the  regular  meeting,  a  meeting 
of  the  Board  of  Directors  was  held  to  elect  officers.  Pro- 
fessor Holden  was  re-elected  President;  Messrs.  Pierson, 
Soule,  and  Wythe,  Vice-Presidents;  Messrs.  Schaeberle  and 
Burckhalter,  Secretaries,  and  E.  J.  Molera.  Treasurer. 

The  next  meeting  of  the  Society  will  be  held  at  the  Lick 
Observator>-.  May  31.  1890. 

Charles  Bi'Rckhalter.  Secrctaryi 
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.As  the  meteoric  theorj-  of  comets  forms  the  ground- 
of  Mr.  Lockyer's  new  theory  of  the  stars  and  has,  moreover, 
been  accepted  by  many  astronomers  who  are  not  prepared 
to  accept  Mr.  Lockyer's  hypothesis  in  its  full  extent,  some 
farther  remarks  on  the  subject  may  not  be  oat  of  place. 
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I  have  already  noticed  that  only  four  comets  have  hither- 
to been  connected  with  meteor-showers  and  conversely  only 
four  meteor-showers  have  been  connected  with  comets.  This 
fact  at  once  shows  the  breadth  of  the  jump  which  we  must 
take  in  order  to  reach  their  identity.  To  take  a  parallel 
case,  Saturn's  rings  are  generally  believed  to  consist  of  col- 
lections of  meteors ;  but  are  we  thence  to  conclude  that  Sat- 
urn consists  of  meteors  and  then  to  extend  this  conclusion 
to  all  other  planets  and  satellites  ?  It  might  be  indeed  that 
only  four  comets  have  come  close  enough  to  the  earth  to 
bring  us  into  contact  with  their  meteor-trains.  But  if  this 
be  so,  whence  come  the  numerous  meteor-trains  which  have 
not  been  connected  with  any  comet?  Moreover  there 
are  strong  reasons  for  believing  that  we  have  come  near 
enough  to  a  number  of  comets  to  encounter  their  meteor- 
trains  if  they  possessed  such  appendages.  Lexell's  comet  (a 
brighter  one  than  the  trained  comet  of  Biela)  approached 
within  1,400,000  miles  of  the  earth  in  1770  and  from  the 
very  small  inclination  of  its  orbit  to  the  ecliptic,  Lexellian 
meteors  might  have  been  expected  to  be  met  with,  even 
at  a  considerable  distance  from  the  node.  I  do  not,  how- 
ever, find  any  remarkable  meteor-shower  recorded  on  that 
occasion.  The  comet  of  837,  according  to  Mr.  Cham- 
bers, remained  for  four  days  within  less  than  4,000,000 
miles  of  the  earth.  This  was  a  great  comet  and  such  a 
prodigy  as  a  shower  of  falling  stars  in  connection  with  it 
could  hardly  fail  to  have  been  recorded.  The  great  comet  of 
1861,  which  Sir  John  Herschel  regarded  as  the  finest  of  the 
century,  approached  within  a  moderate  distance  of  us,  and 
it  is  believed  that  we  actually  passed  through  its  tail.  This 
last  is  an  important  element  in  the  opinion  of  Mr.  Lockyer, 
who  says:  ''Meteorites  are  formed  by  condensation  of  va- 
pors thrown  off  by  collisions.  The  small  particles  increase 
by  frision  brought  about  again  by  collisions  and  this  in- 
crease may  go  on  until  the  meteorites  may  be  large  enough 
to  be  smashed  by  collisions,"  {Nature,  Vol.  XXXVII.,  p.  56). 
Several  other  comets  mentioned  by  Hind  have  made  a  close 
approach  to  the  earth,  among  which  I  may  refer  to  one  of 
those  of  1826.  In  none  of  these  cases  was  a  great  star- 
shower  observed. 

It  may  be  remarked  that  the  four  comets  which  have  been 
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connected  with  meteor  showers  are  all  periodic,  the  longest 
period  being  415  years.  The  fact  may  not  be  unimportant 
in  connection  with  the  theory  of  ejection  advocated  by  the 
late  Mr.  Proctor.  The  recent  instance  of  Krakatoa  may 
suffice  to  show  us  that  the  increase  of  volcanic  power  which 
would  be  necessary  to  eject  both  stones  and  gases  into  space 
is  less  than  might  have  been  anticipated.  Transfer  Kraka- 
toa to  one  of  the  asteroids,  or  even  to  the  moon,  and  the 
ejection  would  become  actual.  Mr.  Proctor  indeed  spoke 
of  the  ejection  as  taking  place  when  the  planet  was  "in  the 
sun-like  state,"  but  it  is  evident  that  it  might  also  occur 
after  it  had  considerably  cooled  down.  Now,  while  an 
ejection  from  the  sun,  or  a  sun-like  body,  might  be  purely 
gaseous,  an  ejection  from  a  rapidly-cooling  body  would 
probably  be  partly  solid  partly  liquid,  and  partly  gaseous, 
like  the  products  of  our  terrestrial  volcanoes.  The  gaseous 
eject  might  thus  form  the  comet,  and  the  solid  (or  solidified) 
eject  the  attendant  flight  of  meteors.  For  this  origin 
of  the  four  meteor  comets,  indeed,  we  must  suppose  two 
Lltra*Neptunean  planets,  but  their  existence  is  not  unlikely 
on  other  grounds.  Of  the  other  two  the  Andromeda  me- 
teors and  Biela's  comet  may  have  arisen  in  ejection  from 
Jupiter  and  the  Leonid  meteors  with  their  comet  in  ejection 
from  Uranus 

That  the  connection  between  the  comet  and  the  meteors 
is  more  likely  to  be  of  this  character  than  to  be  one  of  ab- 
solute identity  is  suggested  by  various  circumstances.  The 
August  or  Perseid  meteors  are  met  with  every  year  with  but 
little  difference  in  richness.  Mr.  Denning  has  seen  them  as 
early  as  the  8th  of  July  and  as  late  as  the  25th  of  August. 
As  the  orbit  of  the  corresponding  comet  is  inclined  to  the 
echptic  at  an  angle  of  over  66°,  it  is  plain  that  at  these 
dates  (especially  at  the  former)  the  earth  is  at  a  verj-  consid- 
erable distance  from  any  part  of  the  comet's  orbit;  but  of 
course  a  shower  of  stones,  originating  in  a  grand  volcanic 
convulsion,  might  be  very  much  scattered  and  cover  a  much 
wider  space  than  the  gaseous  eject  which  originated  at  the 
same  time.  There  is  a  curious  shifting  in  the  radiant  of  this 
meteor-shower  noticed  by  Mr.  Denning,  the  mathematical 
theory  of  which  it  would  be  very  desirable  to  explain.  Mr- 
Chambers  (I  do  not  know  on  what  authority),  sets  down 
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the  probable  period  of  this  meteor-shower  at  108  years, 
'while  for  the  corresponding  comet  a  period  of  123  years  has 
been  computed.  Again,  the  great  meteor-shower  of  April 
4th,  1095,  was  most  probably  a  shower  of  Lyrids,  whereas 
a  period  of  415  years,  (as  computed),  for  the  corresponding 
comet  would  lead  us  back  to  1030.  The  great  meteor,  (fol- 
lowed by  a  number  of  smaller  ones),  recorded  in  the  Chinese 
annals  in  March,  6.  C.  74,  also  looks  like  a  Lyrid,  and  as 
the  shower  is  not  often  limited  to  a  single  year  the  period 
agrees  very  fairly  with  that  indicated  by  the  shower  of 
1095,  but  is  several  years  shorter  than  that  of  the  comet. 
It  is  hardly  necessary  to  say  that  if  the  meteors  followed 
the  exact  track  of  the  comet  we  should  not  meet  them  at 
all,  for  there  is  no  known  comet  whose  orbit  intersects  that 
of  the  earth.  The  node  is,  in  all  cases,  at  some  distance 
from  the  earth's  track;  but  there  can  be  no  doubt  that  the 
meteors  are  often  found  at  a  considerable  distance  from  the 
track  of  the  comet,  as  well  as  at  a  very  great  distance  from 
the  comet  itself. 

Then,  will  the  hypothesis  that  comets  consist  of  clouds  of 
meteors  explain  all  the  peculiarities  which  comets  exhibit? 
Mr.  Lockyer  admits  the  contrary.  **When  a  meteor- 
swarm  approaches  the  sun,*'  he  saj's,  **the  whole  region  of 
space  occupied  by  the  meteorites  (estimated  by  Prof.  New- 
ton in  the  case  of  Biela's  comet  to  have  been  thirty  miles 
apart)  gives  us  the  same  spectrum,  and  further,  it  is  given 
by  at  all  events  part  of  the  tail  which,  in  the  comet  of  1680, 
was  calculated  to  be  60,000,000  miles  in  length.  The  illumi- 
nation, therefore,  must  be  electrical  and  possibly  connected 
with  the  electric  repulsion  of  the  vapors  awaj'  from  the  sun : 
hence,  it  is  not  dependent  wholly  on  collisions"  (Nature, 
Vol.  XXXVII,  p.  60):  to  which  I  may  add  that  the  meteoric 
theory  affords  no  explanation  of  this  electric  repulsion.  As 
Mr.  Lockyer  does  not  derive  the  entire  light  of  the  comets 
from  collisions  of  meteorites  and  does  not  state  how  much 
of  it  comes  from  this  source,  it  is  not  very  easy  to  agree 
with  him  here.  But  let  us  remember  that  the  individual  me- 
teorites are  of  small  size  and  that  they  are  moving  in  similar 
orbits  with  nearly  equal  velocities,  so  that  even  if  we  placed 
them  thirty  yards  (instead  of  thirty  miles)  apart,  the 
chances  against  any  collision  would  be  very  great.    More- 


over,  if  a  collision  occurred,  it  would  probably  be  a  mere 
graze  which  would  develop  very  little  light  or  heat  and  pro- 
duce no  perceptible  amount  of  vapor.  I  may  refer  to  Sat- 
urn's rings  in  confirmation  of  this.  No  comet,  I  believe,  has 
ever  been  seen  at  the  distance  of  Saturn,  though  the  dimen- 
sions are  often  greater  than  those  of  Saturn's  rings.  Coi 
quently  the  interspaces  must  be  much  larger,  relatively 
the  space  occupied  by  the  meteors,  in  the  case  of  thecoi 
than  of  the  rings.  Hence,  collisions  ought  to  be  much  mi 
frequent  in  Saturn's  rings  than  in  any  comet.  But  though 
Mr.  Lockyer  thought  he  had  detected  bright  lines  in  Sat- 
urn's ring  indicating  such  collisions,  Dr.  Huggins,  on  exam, 
ining  them  with  a  more  powerful  instrument,  conid  detect 
nothing  but  reflected  light. 

The  theory  that  comets  consist  of  clouds  of  meteors  has 
been  supposed  to  explain  their  transparency  and  their  small 
mass.    I  do  not  think  it  explains  either.     If  a  comet  either 
consists  of  a  collection  of  solid  bodies  with  void  interspaces, 
or  of  a  collection  of  sohd  bodies  surrounded  by  gases  or 
vapors  caused  by  collisions,  the  mass  (when  the  large  vol. 
ume  of  the  comet  is  considered),  must  be  considerable.    In 
the  former  case  the  comet  would  not  be  visible  at  the  dis- 
tance at  which  we  see  it  if  the  mass  was  very  minute;  in  the 
latter  case  meteors  moving  nearly  in  the  same  direction  and 
with  nearly    the   same   velocity    could,  not    generate    this 
amount  of   vapor  by  collisions  unless  they    were    thickly 
packed  together.    It  is.  moreover,  almost  impossible  that^ 
collection  of  solid  bodies  should  be  visible  at  a  distance 
yet  transparent.     It  is  useless  to  argue,  as  Professor 
does,  that  a  single  meteor  at  the  distance  of  a  comet  coi 
not  hide  a  distant  star.     He  might  as  well  contend  that 
cause  one  rain-drop  or  one  particle  of  dust  could  not  hid 
distant  object,  a  heavy  shower  or  a  cloud  of  dust  could 
do  so.    Or  perhaps  a  better  analogy  is  that  of  a  light  hi 
which  enables  us  to  see  objects  at  the  distance  of  a  mile 
most  as  well  as  ever  but   hides  a  distant  mountain 
which   is  visible  on   a  clear  day.    But    we    can    sec 
through   hundreds  or  even   thousands  of  miles  of  coi 
whatever  the  cou'.et  may  be  composed  of;  and  it  appears 
me  that  the  mass  will  be  less  and  the  transparency  grcj 
if  we  assume  it  to  be  purely  gaseous  than  if  we  suppot 
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to  be  made  up  in  great  part  of  solid,  though  small,  bodies. 
The  gaseous  theory,  too,  is  I  think  more  in  conformity  with 
Mr.  Lockycr's  explanation,  (previously  given  by  me),  of  the 
retardation  of  Encke's  comet.  A  shower  of  meteors  fired 
into  an  approaching  mass  of  gas  would,  I  believe,  retard  its 
progress,  but  if  fired  into  an  approaching  cloud  of  meteors 
it  would  strike  a  few  colliding  meteors  out  of  the  general 
mass,  but  those  which  escaped  the  collision  would  move  on 
unimpeded.  There  would  be  a  few  killed  and  wounded,  but 
the  progress  of  the  advancing  column  would  not  be  delayed. 
The  force  of  these  arguments  would  be  considerably 
strengthened  if  the  latest  results  attained  in  certain  depart- 
ments of  Astronomy  could  be  relied  on  as  absolutely  correct. 
According  to  the  latest  estimate  the  mass  of  Saturn's  rings 
is  about  double  that  of  the  planet  Mercury.  If  the  mass  of 
Encke's  comet  at  all  approached  this  figure,  its  effects  on  the 
motion  of  Mercury  would  be  very  perceptible.  But  if  it  does 
not  approach  it,  wh3'  are  the  collisions  so  numerous  in  the 
case  of  the  comet  and  so  few  in  the  case  of  the  rings? 
Again,  Saturn's  rings  (except  perhaps  the  inner  gauze-ring), 
are  not  transparent,  whereas  it  is  computed  that  Arcturus 
was  seen  through  90,000  miles  of  Donati's  comet  with  hard- 
ly diminished  splendor.  (If  such  a  chance  should  again  oc- 
cur I  hope  the  opportunity  of  making  accurate  photometric 
measures  of  the  star  will  not  be  lost).  The  inference  seems 
plain  that  the  rings  of  Saturn  are  more  than  1,000  times  as 
dense  as  Donati's  comet  at  the  point  where  it  crossed  be- 
tween us  and  Arcturus ;  but  as  regards  collisions,  the  figures 
must  (on  the  meteoric  theory)  be  reversed. 

I  am  not  objecting  to  the  Meteoric  Hypothesis  as  a  work- 
ing hypothesis.  As  such  it  is,  I  think,  entitled  to  stand  be- 
side the  older  Nebular  Hypothesis;  but  we  have  made  little 
progress  toward  establishing  the  truth  of  either.  I  am 
rather  disposed  to  think  that  matter  has  always  existed  in 
its  three  conditions,  the  solid,  the  liquid  and  the  gaseous; 
and  that  while  some  existing  solids  have  been  formed  by  the 
condensation  of  gases  and  some  existing  gases  have  been 
produced  by  the  collision  of  solids,  the  relative  proportions 
in  the  Universe  have  not  been  largely  altered.  At  all  events, 
I  do  not  think  the  spectroscope  will  ever  afford  a  crucial  test 
between  the  Nebular  and  the  Meteoric  Hypotheses.    It  can 
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show,  no  doubt,  that  the  body  examined  is  partly  solid  and 
partly  gaseous ;  and  repeated  observations  of  the  same  ob- 
ject may  show  whether  the  solid  or  the  gaseous  portion  is 
on  the  increase.  But  I  doubt  if  the  spectroscope  will  ever 
distinguish  between  a  large  solid  surrounded  by  a  gaseous 
envelope  and  a  number  of  small  solids  with  the  interspaces 
filled  with  gas.  If  I  am  correct  in  this  view,  Mr.  Lockyer's 
spectroscopic  observations  have  no  bearing  on  his  hypothe. 
sis.  They  may  no  doubt  show  that  the  heavenly  bodies 
consist  of  the  same  chemical  elements  as  the  meteorites  and 
ierolites  which  have  fallen  to  the  earth ;  but  speaking  gener- 
ally this  has  long  been  known.  Celestial  bodies,  indeed,  at- 
ford  indications  uf  a  small  number  of  elements  not  hitherto 
discovered  either  in  terrestrial  bodies  or  meteorites ;  but  sup- 
posing these  exceptions  removed,  the  question  between  the 
Nebular  and  the  Meteorite  Hypotheses  would  remain  ex- 
uctly  where  it  was  before.  The  results  of  -Professor  New- 
ton's investigation,  moreover,  seem  to  indicate  that  all 
meteorites,  on  whose  spectra  Mr.  Lockyer  cxperimeni 

had  iheii*  origin  within  the  limits  of  the  solar  system.      

teors  coming  from  inter-stcllar  space  would  probably  arrive 
with  such  high  velocities  as  to  insure  their  being  dissipated 
in  the  air  at  a  considerable  altitude.     The  Meteoric  Hypoth- 
esis must  therefore  be  expounded  generally  and  without  any 
special  reference  to  spectroscope  results  before  it  can  claim 
general  acceptance,  unless,  indeed,  the  spectroscope  should 
hereafter  enable  us  to  distinguish  between  the  light  of  a 
gle  large  body  and  that  of  a  number  of  small  ones.    I 
however,  concerned  only  with  that  theory  as  regards 
ets.  and  with  regard  to  these  bodies  I  think  it  has  not 
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Equations  for  an  Ellipse  through  Fi\-e  Given  Points. 
"What  is  the  equation,  in  Cartesian  co-ordinates,  of  an  el- 
lipse passing  through  five  points,  x^,  y, ;  x„  y,;  i„  y,;  x,,  y,; 
x„  y,;  or  the  simplest  way  of  forming  it?" 

The  five  constants,  a.  b,  c,  d,  e.  from  the  five  simple  equa- 
tions containing  them  and  the  co-ordinates  of  the  given 
points,  namely; 
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y,'  -¥  ax,y,  +  bx,^  +  cy,  +  dxj  +  e  =  0 
yj^  +  ax^y^  +  bx/  +  cy,  +  dxj  +  e  =  0 
y,^  +  ax,y,  +  bxj*  +  cy,  +  dxg  +  e  =  0 
y/  +  ax,y^  +  bx,*  +  cy,  +  dx,  +  e  =  0 
y/  +  axjjr,  +  bx^'  +  cy^  +  dx,  +  e  =  0 
Substituted  in  the  equation 

y'  +  axy  +  bx^  +  cy  +  dx  +  e  =  0 
gives  the  equation  of  the  conic  section  passing  through  the 
five  points,  x,^y, ;  x^,  yj,  etc.    The  co-ordinates  of  its  center 
ac  +  2d       -ad— 2bc 

arc  Tu 2  ^"^  -Ju r-  R-  J-   ADCOCK. 

4b  —  a:  4.b  —  a^  ^ 
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THE  PLANETS. 


^  Mercury  will  be.at  greatest  elongation  east  from  the  sun  on  May  5,  and 
will  be  in  a  very  favorable  position  for  observation  in  the  evening  during 
the  first  half  of  the  month.  It  will  be  visible  to  the  naked  eye  for  several 
days,  between  8  and  9  p.  m.,  in  the  west,  not  far  from  Venus.  On  Ma3'  29 
Mercury  will  be  at  inferior  conjunction,  and  so  will  not  be  visible  during  the 
latter  part  of  this  month  or  the  first  of  next. 

Venus  is  a  conspicuous  object  in  the  west  in  the  early  evening.  Reports 
have  come  to  us  of  persons  who  have  been  able  to  see  Venus  in  middaj^  but 
we  have  so  far  been  unsuccessful  in  the  attempt.  Venus  and  Mercurj'  will 
be  in  conjunction  May  10,  at  1  a.  m.,  Mercury  being  1°  4-5'  north  of  Venus. 
They  will  be  near  each  other  for  several  days.  The  red  star  Aldebaran  will 
also  be  in  the  same  vicinitv. 

Mars  will  be  at  opix)sition  Ma\'  27.  Its  distance  from  the  Earth  at  that 
time  will  be  about  4-5,000,000  miles.  During  the  opposition  of  1892  the 
least  distance  will  be  about  35,000,000  miles,  a  little  less  than  that  at  the 
opposition  of  1877,  when  the  satellites  were  discovered.  At  both  the  op- 
positions, of  1890  and  1892,  it  will  be  in  extreme  southern  declination,  for 
the  planet,  so  that  the  best  obsen'ations  may  be  had  in  the  southern  hemi- 
sphere. The  diameter  of  Mars'  disk  on  May  27  will  be  20.5".  He  will  be 
found  in  Scorpio,  a  little  northeast  of  the  red  star,  Antares,  during  the  first 
part  of  the  month,  and  northwest  of  that  star  at  the  end  of  the  month. 

Jupiter  may  be  seen  in  the  southeast  in  the  morning  among  the  faint 
stars  of  Capnicom. 

Saturn  will  be  at  quadrature,  90°  east  from  the  sun,  May  18.  Prob- 
ably most  of  our  readers  have  noticed  the  retrograde  or  westward  motion 
of  Satam  during  the  last  few  months.  He  will  now  begin  to  move  east- 
ward, increasing  the  distance  between  himself  and  the  stars  of  the  Sickle. 

Uranus  may  be  found  in  the  east  in  the  evening  in  the  Constellation  of 
ViT;go,  about  4°  northeast  of  Spica.  He  is  in  good  position  for  observa- 
tion. 
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Neptune  will  be  in  conjunction  with  the  sun  May  25,  and  so  cannot  be 
seen  during  this  month. 

MERCURY. 

R.  A.            Dccl.               Rises.  Transits.                 Sets. 

1890.               hm              °'              hm  hm                       hm 

May  25 4  38.6  +2L  11    4  51  a.m.  12  25.4  p.m.    8  00  p.m. 

June  5 4  16.9  +17  39    4  04  "  11  20.5  a.m.     6  37  ** 

15 4  15.6  +17  01    3  26  "  10  39.9  a.m.    5  53  " 

VENUS.  ^ 

May  25 5  54.7  +24  40    5  50  a.m.  1  41.4  p.m.    9  32  p.m. 

June  5 6  53.3  +24  26    6  07  "  1  56.6  "      9  47  " 

15 7  45.6  +23  00    6  27  "  2  09.2  "      9  52  *' 

MARS. 

May  25 16  19.0  —23  05    7  39  p.m.  12  04.1  a.m.    4  29  p.m. 

June  5 16  02.8  —22  58    6  39  *'  1104.5  p.m.    3  30  a.m. 

15 15  50.1  —22  47    5  46  "  10  12.6  '*      2  39  *• 

JUPITER. 

May  25 20  59.0  —17  42   11  52  p.m.  4  43.2  a.m.    9  34  a.m. 

June  5 20  58.9  —17  45   11  09  "  3  59.8  "     8  50  *' 

15 20  57.5  —17  53   10  29  "  3  19.1  "     8  09  ** 

SATURN. 

Mav  25 10  01.7  +13  49   10  48  a.m.  5  47.7  p.m.   12  47  a.m. 

June  5 10  04.0  +13  35   10  08  **  5  06.8  "    12  05  " 

15 10  06.7  +13  20    9  33  "  4  30.1  "    1128  " 

URANUS. 

May  25 13  26.4  -  8  26    3  42  p.m.  9  11.8  p.m.    2  42  A.M. 

June  5 13  25.4  -  8  20    2  57  *'  8  27.5  "      1  58  '* 

15 13  24.8  -  8  17    2  17  •'  7  47.6  "      1  18  ** 

NEPTUNE. 

Mav  25 4  10.1  +19  27    4  32  a.m.  11  57.2  a.m.    7  22  p.m. 

June  5 4  12.0  +19  32    3  50  •*  11  15.8  "     6  41  " 

15 4  13.5  +19  36    3  12  "  10  38.0  "      6  04  " 

THE  SUN. 

May  25 4  09.8  +21  02    4  23  a.m%  11  56.7  a.m.    7  30  p.m. 

June  5 4  54.7  +22  36    4  17  "  1158.3  '*      7  40  " 

15 5  36.1  +23  20    4  15  •*  12  00.2  p.m.    7  45  *• 

CERES  (1) 

May  11 15  50.5  —12  43  12  30  a.m. 

June  4 15  28.8  —13  02  10  34  p.m. 

28 15  15.6  —14  20  8  47  '* 

PALLAS  (2) 

May  23 15  04.5  +26  11  10  57  p.m. 

June  16 14  51.8  +25  21  9  10  '* 

JUN(»  (8) 

May  23 16  28.3   —  3  40  12  21  a.m. 

June  16 16  08.9   —  2  56  10  27  p.m. 

THE  MOON. 

Mav  20 5  26.8  +23  06    5  41  a.m.  1  33.3  p.m.    U  30  p.m. 

25 9  52.0  +17  47   10  03  "  5  38.2  -      1  04  a.m. 

30 13  52.9  -  6  58    3  27  p.m.  9  18.7  "      3  00  *♦ 

June  5 20  03.0  -23  27   10  36  "  3.04.9  a.m.     7  37  *' 

10 23  59.5  -  5  49    1  01  a.m.  6  44.1  -     12  35  p.m. 

15 4  13.4  +19  27    3  OS  "  10  37.7  "      6  16  " 

TThe  above  tables  give  local  times  for  the  Central   Meridian  and    latitude 
* 4-4.0  28'.] 
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Phases  of  the  Moon. 

Centrol  Tin 

New  Mood 1890   May  18    2  IS  P.  i 

First  Quarter ■■         "  26     4  34  p.  t 

FuU  Moon "      June  3  12  34  A.  l 

Lost  Quarter "         "  9     a  50  p.  i 

Apogee '■      Mar  24    6  12  a.  ^ 

Perigee "       June  fl     i  06  a.  a 


Ephemeridcs  of  Saturn's  Satellites. 
L.  lilarth.  Monthlr  N'otlma  R.  A  H..  toI.  l.  No.  I,  p.  !,7.    |{»1 


It   1.0  a.  m.     Rb.  n 


-!  a.  ID. 

Rh.  n. 

H.  III.  Ith.  K 

p.  111.  Te.  ». 

li.  m.  1)1.  K. 

|<.  111.  ni.  ErI 


f;:.t  p:  "1: 

1)1.  Eel 

llm 

Rli.». 

ai  K  ■ 

1  «'■  m' 

ft;*' 

I  11.  m. 

=  IHonr:   Jiip.=  JB]*tiii>:    MI.  =  Mlm(io:    1th.  ^  RhM: 

:  conlnrclion ;  r.  =  vnKtvrn  vluiwatlon :    «r.  =  vmirn-  -■ 
(  planet:  ■.  =  Hciuth  ol  itotrr  ol  plunet.    The  cnnloD 


abon-  l.«b.  KnrHadiu.  a.fh.  TMhio.  n 
tb*  antw.  Kblcb  an  not  obwrTabl*. 


D  tbe  row  or  MUran 


Mininia  of  Variable  Stare  of  the  Algol  Type. 

UCephci 0  52  32    +81  17    M.iv  IT.  (i  a.  u,;  22,  (i  a.m.;  27.  6  a.m.: 

,^..  .  June  1.5  A.M.;  6.5  a.m.;   11.5  a.  m! 

*  Libra 14  55  06    -    H  or,    Miiy  20.  2  a.  m.;  2«.  2  a.  m.;  June  *,  2 

UCorooK 15  1343    +32  03    Mtiy  30.  3a.  «'.;  June  6,  1  a.m.;  12,  10 

U  Ophiuchi 17  10  56    +    1  2<i    Ma'v  1»,  2  a.  m.i  IS.  10  p.  m.;  24  3  a. 

M.;  24.  11  p.  N.;  30,  I  a.  m.;  30.  9  p. 
M.i  June  3.  12  uns.;  -l,  9  p.  u.;  9.  1  a. 
M.;  9.  fl  p.  M.;  14.  2  a.  m,;  14.  10  p.m. 
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Phenomena  of  Jupiter's  Satellites. 

Central  Time.  Central'Titne. 

d.        h.  m.  d.        h.  m. 

May  16...   Midnight.     I.  Tr.  Eg.  .        June    1...12  50  a.m.      I.  Oc.  Re. 

22...  2  16  A.M.   XL  Ec.  Dis.  11  16  p.m.    II.  Oc.  Re. 

2  45     **     III.  Ec.  Re.  2...  1  36  a.m.  III.  Tr.  Eg. 

23...   1  00     *'        I.  Ec.  Dis.  7...   1  59     **        I.  Sh.  In. 

24.. .12  32     •'         I.  Sh.  Eg.  2  01      "       II.  Sh.  In. 

1  4S     ^'        I.  Tr.  Eg.  3  05      "         I.  Tr.  Eg. 

2  09     '•       II.  Tr.  Eg.  11  15  P.M.      I.  Ec.  Dis. 
29...  3  18     •'     III.  Ec.  Dis.  S...12  34  a.m.   IV.  Sh.  In. 
30...  2  53     *'        I.  Ec.  Dis.  2  39      "        I.  Oc.  Re. 
31...   1  17     "        I.  Tr.  In.  10  47  P.M.      I.  Sh.  Eg. 

1  44     '*       II.  Tr.  In.  11  52      "        I.  Tr.  Eg. 

1  49     •*      IV.  Oc.  Dis.  9... 12  48  a.m.  IU.  Sh.  Eg. 

2  17     '•       II.  Sh.  Eg.  1  32     '*     III.  Sh.  In. 

2  25     **        I.  Sh.  Eg.  1  40      "       II.  Oc.  Re. 

3  37     "        I.  Tr.  Eg.  15...  1  09     *'         I.  Ec.  Dis. 


Occultations  Visible  at  Washington. 

IMMERSION.  EMERSION. 

Star's               Magrni-        Wash.    Angle  fm    Wanh.    Anj^le  Pm  Dura- 
Date.                Name.                 tude.        Mean  T.     N.  P't.      Mean  T.      N.  P*t.  tion. 

hm              '^             hm              **  hm 

May    20...B.A.C.  1801...  6                8  00           32          8  30        329  0  30 

June      3...63  Ophiuchi...  61/2          T3  34         147        14  25        226  0  51 

6...;t  Capricorni...  51/2  13  53        347  Star0.3'N.  of  Moon's  limb. 


COMET  NOTES. 


Comet  1882 II  (Great  Comet).  A  remarkable  paper  by  M.  F.  Tisse- 
rand  is  contained  in  Bulletin  Astronomique^  Feb.  1890.  on  "The  Nuclei  of 
the  Great  Comet  of  1882.'*  It  will  ])c  remembered  that  the  nucleus  of  this 
comet,  after  its  verj'  close  approach  to  the  sun,  separated  into  two,  and 
afterward  into  as  many  as  five  separate  nuclei  lying  in  a  stniight  line. 
The  writer  discusses  the  orbits  of  these  nuclei,  considering  them  as  separate 
comets,  neglecting  their  mutual  attractions,  which,  he  saj's,  must  be  ver>' 
small.  By  a  differential  method,  taking  as  a  basis  the  orbit  of  the  bright- 
est nucleus  (2)  calculated  by  Dr.  H.  Kreutz,  he  finds  that  the  nuclei  desig- 
nated (2)  (3)  and  (4)  are  moving  in  orbits  which  differ  perceptibly  only  in 
the  eccentricity,  and  the  elements  which  depend  upon  this,  the  seminiajor 
axis  and  period.  Adopting  the  period  of  772  years  for  nucleus  (2),  that  for 
nucleus  (3)  becomes  885  years  and  that  for  (4)  972  years.  The  measures 
of  the  nuclei  (1)  and  (5)  were  insufficient  for  the  determination  of  their 
paths.  The  period  of  (1 ),  which  was  nearest  the  sun,  would  naturally  be 
les^  than  that  of  (2). 

The  important  conclusion  to  be  drawn  from  these  results  is  that  we 
have  here  an  explanation  of  the  groups  of  comets  which  have  Ijeen  observed 
having  almost  exactly  the  same  paths,  but  with  periods  so  long  as  to  ex- 
clude the  possibiHty  of  their  identity.  The  comets  of  1843,  1880  and  1882 
have  very  similar  orbits,  the  greatest  difference  being  in  their  eccentricities, 
which  causes  the  great  difference  in  their  periods,  553,  37  and  772  years.— 
It  seems  (juite  possible  that  at  some  time  in  the  past  these  were  parts  of 
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one  great  comet  which  at  its  perihelion  was  separated  into  parts  having 
difierent  periods  of  revolution.  Mr.  Tisserand  suggests  the  conjecture  that 
the  comet  of  1880  was  a  fragment  of  that  of  1843. 

We  may  suggest  also  that  both  the  comet  of  1843  and  that  of  1882 
may  have  been  fragments  of  that  of  370  B.  C.  According  to  Chambers  the 
comet  of  370  B.  C.  is  said  to  have  separated  into  two  parts.  The  interval 
2213  years  dividetl  by  4  gives  553  years  for  the  i^eriod  of  the  comet  of  1843 
and  2252  divided  by  3  gives  751  years  for  that  of  1882.  These  periods 
do  not  differ  unreasonably  from  the  results  of  the  best  computations. 


Comet  DWrrest.  The  Astronomischc  Xachrichten,  Xo.  2959,  contains 
an  cphemeris  of  D'Arrest's  comet  for  its  return  during  this  j'ear,  computed 
by  G.  Lcveau,  of  Paris.  M.  Leveau  computed  the  elements  of  this  comet 
from  the  observations  made  in  1870  and  1877,  taking  into  account  the 
perturbations  by  the  planets,  Jupiter,  Saturn,  and  Mars,  and  calculated  an 
ephemeris  for  the  apparition  of  1883,  but  the  comet  was  too  faint  to  be 
seen.  Owing  to  other  work  M.  Leveau  has  not  been  able  to  compute  accu- 
rately the  perturbations  during  the  interval  from  1883  to  1890,  but  has  de- 
termined approximately  those  by  Jupiter.  The  comet  during  this  interval 
has  been  remote  from  Jupiter,  so  that  the  error  arising  from  neglected  per- 
turbations cannot  be  large.  The  ephemeris  gives  ground  for  expecting  that 
the  comet  may  be  found  at  this  apparition.    The  reciprocal  of  the  squares 

of  the  distances  from  sun  and  earth,     ijn  reaches  a   maximum   of   1.03 

August  28, 1890,  while  during  the  observations  in  1851  it  varied  from  1.50 
to  0.60,  in  1857  from  0.23  to  0.16,  in  1870  from  0.89  to  0.15,  and  in  1877 
from  0.20  to  0.15.  As  soon  as  the  comet  has  been  found  a  more  exact 
ephemeris  will  be  furnished.  We  give  a  part  of  the  ephemeris  for  May  and 
June : 


Paris  Mean  Xoon.       tirapp.  S  app. 


1_ 


h.    m.  o  / 

Mav  4  10  46.8  +  7  12 

8  45.9  8  02  0.23 

12  44.5  8  50 

16  42.6  9  36      0.28 

20  40.2  10  19 

24  37.4  10  57      0.34 

28  34.4  11  30 

June  1  31.1  11  57      0.41 

5  27.7  12  17 

9  24.2  12  29  0.4S 

13  16  20.7  +  12  33 


Comet  1889  /.  Dr.  R.  Spitaler  on  March  28,  1S90,  rediscovered  and 
observed  this  comet  with  the  27-inch  refractor  at  the  Vienna  Observatorv. 
It«  distance  from  the  sun  was  then  almost  five  times  that  of  the  earth,  and 
its  distance  from  the  earth  almont  exactlv  the  same.  Xo  other  comet  has 
ever  been  observed  at  so  great  a  distance  from  the  sun.  Its  brightness  is 
about  one-twelfth  ol  that  which  it  had  at  the  time  of  its  discovery  Sept.  2, 
1888,  and  one  hundred  and  twenty-ninth  of  its  maximum  brightness.  The 
following  continuation  of  Dr.  Berlxrrich's  cphemeris  is  taken  from  Astrono- 
macbe  Xachrkhten,  Xo.  2962. 


228 


The  Sidereal  Messenffer. 


Berlin  Midnight 

a  app. 

h     m     s 

^app. 

logr 

log  J 

Brightness. 

May 

11 
13 
15 
17 

18  22  57       - 
21  00 
19  01 
17  00 

-7  28.4 
7  24.8 
7  21.3 
7  18.0 

0.7304 

0.6660 

1.00 

19 

14  56 

7  14.9 

0.7359 

0.6638 

0.98 

21 

12  50 

7  12.0 

23 

10  42 

7  09.2 

25 

08  33 

7  06.6 

27 

06  22 

7  04.3 

(».7413 

0.6636 

0.96 

29 

04  10 

7  02.1 

31 

18  01  56 

7  00.1 

» 

June 

2 

17  59  42 

6  58.3 

4 

57  27 

6  56.7 

0.6466 

0.6654 

0.94 

6 

55  12 

6  55.3 

8 

52  56 

6  54.1 

10 

50  40 

6  53.1 

12 

48  24 

6  52.2 

0.7518 

0.6693 

0.91 

14 

17  46  09       - 

-6  51.6* 

The  brightness  on  March  28 

is  taken  as  unitv. 

Comet  1889 IV  (Davidson.)  In  Astronomische  Nachn'chten,  No.  2961  » 
Herr  A.  Bcrberich  gives  the  following  elements  of  this  comet,  computed 
from  six  normal  places : 

T=z  1889  July  19.31081  Berlin  mean  time. 
GO  =  345°  51'  57.6"] 
y  —  286    09    47.0        1889.0 
1=    65    58    41.1    J 
log  q  =  0.0\  6890        q^l  .03966 
log  c  =  9.998479        e  =  0.99650 
log  a  =  2.47325         a  =  297.34 
Period  =:  51 27  years. 

Mr.  Campbell  (/lstr./our.,IX.  p.  199)  obtained  a  ixrriod  of  3,000  yean* 
lor  the  same  comet. 


A  Group  of  Comets.  In  the  same  paper  Herr  Bcrberich  calls  attention 
to  a  group  of  seven  comets  of  verj-  long  period  which  have  elements  quite 
similar  to  those  of  Comet  1889  lY,  and  which  have  all  come  from  the  same 
region  about  the  south  pole  of  the  heavens. 

i  q  e  Period 

286°10'  65°59'  1.0397  0.99650    5100  vre. 

63  26  0.7346  0.99643    3000  '** 

42  15  0.6987  0.99607    2300  ** 

63  10  0.6461  0.99549    1700  '* 

60  42  0.6527  1.0 

42  27  1.0790  1.0 

65  49  0.9601  1.0 

Of  these  seven  five  have  appeared  within  the  last  ten  years.  Three  of 
them  were  discovered  in  the  southern  hemisphere  with  the  naked  eye,  and 
two  were  discovered  after  perihelion  in  the  northern  hemisphere.  The  lat- 
ter were  observed  through  so  short  periods  of  time  that  the  eccentricities  of 
their  orbits  are  uncertain.  The  importance  is  suggested  of  reg^ar  search 
for  comets  in  the  south  polar  regions  of  the  sky. 


Comet           T 

CD 

P 

1889  IV  Julv  19.3 

345^52' 

286°10 

1881  III  June  16.5 

354  15 

271  05 

188S     I  Mar.  17.0 

359  55 

245  24 

1807        Sept.  18.8 

4  08 

267  56 

1880    V  Xov.    9.4 

11  37 

249  30 

1885    V  Nov.  25.5 

35  34 

262  15 

1 684        June     8.4 

330  35 

271  08 
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Discovery  of  Comet  Brooks  (a  1^90),  On  the  morning  of  March  19,  at 
16  hours  I  discovered  a  nebulous  object,  which  I  at  once  felt  confident  was 
a  comet,  in  R.  A.  21**  9"  +  5°  35'.  Dawn  advanced,  however,  befone  I  felt 
positive  of  the  direction  of  motion,  and  three  leading  Observatories,  viz., 
Harvard,  Lick,  and  Warner,  were  telegraphically  notified  of  my  suspected 
object.  Tbe  three  succeeding  mornings  were  cloudy,  but  this  morning  was 
beautifully  clear  and  I  at  once  found  the  comet  less  than  one  and  one-half 
degrees  north  of  its  discovery  place.  Its  position  this  morning  (March  23, 
16  hours)  was  21**  10"  30»  decl.  north  7°  15',  giving  a  daily  motion  of  east 
22  seconds,  and  north  25'.  The  comet  is  rather  bright  telescopic,  with  a 
stellar  nucleus  eccentric  to  the  coma.  william  r.  brooks. 

Smith  Observatory,  Geneva,  N.  Y.,  March  24, 1890. 


Comet  a  1890  {Brooks),  Mr.  Brooks'  letter  containing  description  of 
the  comet  discovered  by  him  on  the  morning  of  March  20  came  too  late  for 
the  last  number  of  The  Messenger.  Two  sets  of  approximate  elements 
have  been  received,  one  by  Rev.  G.  M.  Searle,  of  St.  Thomas  College,  Wash- 
ington, D.  C.  (Science  Observer,  Special  Circular,  No.  90),  the  other  by  Dr. 
Friederich  Bidschof  (Circular  der  kaiserlicben  Akademie  der  Wissenscbaf- 
tea  in  Wien,  No.  Izzi). 

Computer  Searle  Bidschof 

T  =  1890  June  3.43  Gr.  M.  T.  1890  June  3.6399  Ber.  M.  T. 


a  =    74°  Oin  71**  07'  36"! 

M=320    46^1890.0  320    44   54   V  1890.0 

1  =  122    00  J  121    17    13   ) 
g  =  1.7830  1.8702 

Dates  of  obs.  Mar.  22,  24,  25.  March  22,  25,  29. 


We  have  no  ephemeris  at  hand  extending  beyond  May  4.  The  comet 
ms  growing  brighter  and  coming  into  better  position  for  observation.  It 
^nay  be  found  in  the  northeast  soon  after  midnight. 


^Berlin  Midnight. 

a  app. 

6  app. 

logr 

log  J    Brightness. 

April  30 
.Nlav      1 

«1             III              o 

21  00  34 

+29  23.3 

0.2830 

0.2743        2.39 

20  59  31 

30  12.4 

2 

58  23 

31  02.3 

3 

57  10 

31  52.9 

4 

20  55  51 

32  44.3 

0.2806 

0.2578        2.62 

The  brightness  on  March  21  is  taken  as 

unity. 

Solar  Prominences. — March.  Number  of  ol>servations,  12;  number  of 
prominences,  45 ;  mean  number  of  prominences,  3.75;  greatest  number  in 
^ne  day,  7  (on  4th  inst.);  highest  prominence,  54"  (18th  inst.). 

DlSTRIBl'TIO.N  OF  PROMIXEN'CES. 


K.  Limb. 

\V.  Limb. 

K.  Umb. 

W.  Limb. 

0  to  10 

1 

0 

0  to  — 10 

2 

3 

10  to  20 

0 

0 

—  10  to  —  20 

0 

2 

20  to  30 

2 

O 

—  20  to  —  30 

0 

3 

30  to  40 

0 

0 

—  30  to  —  40 

0 

0 

40  to  50 

1 

0 

—  40  to  —  50 

1 

1 

50  to  60 

2 

0 

—  30  to  —  60 

0 

0 

60  to  70 

2 

0 

—  60  to  —  70 

5 

1 

70  to  80 

2 

1 

—  70  to  —  80 

0 

3 

80  to  90 

a* 
i 

4 

—  80  to  —  90 

2 

0 

Camden  Observatory.  27  18 
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Carkton  College  Sunspot  Observations.    Continued  from  page  136. 


Remarks. 


o 

GD 

^ 

O 

•1 

•o 

p 

CP 

Date. 

Central 

0 

s 

0 

I* 

s 

Time. 

01 

• 
• 

< 

1890 

• 

■ 

Feb. 

21. 

10.20 

A. 

M. 

0 

0 

0 

H. 

C.W. 

•  • 

27. 

2.15 

P. 

M. 

1 

1 

2  fST. 

•  t 

«< 

28. 

11.45 

A. 

M. 

1 

1 

2  gr. 

•  4 

Mar. 

1. 

12.30 

P. 

M. 

0 

0 

1  ST. 

C. 

H.  W. 

It 

4. 

3.00 

P. 

M. 

1 

4 

1  ST. 

t» 

•t 

5. 

12.40 

P. 

M. 

1 

3 

1  «r. 

<  t 

i« 

6. 

12.30 

P. 

M. 

1 

6 

1  ifr. 

i< 

•  < 

13. 

10.30 

A. 

M. 

1 

3 

2  gr. 

H 

.  c.  w. 

•  t 

14. 

12.35 

P. 

M. 

0 

0 

2  KT. 

C 

.  R.  W. 

>  t 

15. 

3.10 

P. 

M. 

0 

0 

2  Rr. 

«t 

tt 

22. 

5.00 

V. 

M. 

1 

2 

1    ST. 

(« 

<i 

30. 

5.00 

P. 

M. 

0 

0 

0 

•  < 

t« 

31. 

10.00 

A. 

M. 

0 

0 

0 

tt 

April 

4. 

12.30 

P. 

M. 

o 

O 

(> 

k< 

•t 

9. 

12.30 

0 

0 

2  jrr. 

<t 

«• 

10. 

12.30 

1 

3 

2  gr. 

«• 

<  t 

11. 

12.30 

o 

4 

2  KT. 

•  < 

i« 

16. 

12.30 

0 

0 

1  Kr. 

•  < 

t« 

17. 

12.25 

() 

0 

0 

4» 

t » 

IS. 

12.20 

(> 

0 

() 

«  t 

Small  spot  with  bright  fac.  near 
\V.  limb. 


Two  very  large  spots. 

Large  groups  of  faculae. 
Faculae  XW  .  and  XE. 
Facttlae  not  very  distinct. 
Spots    small.      Large    group  of 
faculae  \V. 


Spots  small  E.  of  center.    Fac.  E. 
Faculae  very  near  \V.  limb. 


Smith  Observatory  Observations.     The  following  solar  obserA-ations 
were  made  in  March  and  April,  1890.  with  helioscope,  powers  98  and  221 : 


G 

X 

»M 

90  M. 

c 

c 

1890. 

s 

r* 

Seeing. 

M.T. 

■3 

Qt 

ft 

1 

Mar. 

11.30 

O 

0 

0 

Poor. 

o 

<  t 

2.50 

O 

0 

0 

Very  poor. 
Fair. 

3 

<  t 

2.00 

1 

3 

Igr. 

4 

•  t 

2.00 

1 

3 

0 

Poor. 

5 

•  t 

2.00 

1 

3 

0 

Vcrj'  poor. 

6 

A  A 

3.40 

1 

4 

(> 

7 

1  • 

11.00 

1 

4 

0 

41 

8 

4  t 

3.10 

1 

4 

0 

44 

12 

44 

2.30 

1 

3 

Igr. 

Poor. 

13 

44 

11.00 

1 

3 

2gr. 

Good. 

14 

•  4 

2.20 

1 

1 

2gr. 

Fair. 

15 

44 

2.25 

0 

0 

i*rr. 

Vcr\*  poor 
Fair. 

20 

44 

10.  OO 

0 

0 

O 

21 

44 

11.15 

0 

0 

Igr. 

44 

22 

44 

3.00 

1 

J> 

iKr. 

Good. 

23 

»  * 

l.OO 

o 

0 

0 

Poor. 

24 

44 

2.25 

0 

o 

O 

Bad. 

26 

»  • 

11.40 

0 

o 

0 

Poor. 

29 

4> 

2.20 

0 

0 

0 

Good. 

30 

44 

4.20 

(> 

(> 

0 

Poor. 

31 

•  4 

11.45 

0 

o 

O 

•  4 

1 

April. 

1 2.00 

0 

o 

() 

Fair. 

o 

>4 

12.00 

o 

o 

o 

•  • 

3 

44 

4.40 

0 

0 

o 

«• 

4 

•  4 

2.45 

0 

o 

1  Kr. 

Good. 

5 

•  4 

4.45 

o 

o 

1  gr.? 

Fair. 

Remarks. 


Suspected  fac.  near  E.  limb. 

Hazy  clouds. 

Brilliant  fac.  surrounding  whole 

group.* 
Fac.    still   surrounding;  nucleus 

smaller. 
Fac.  same;   P.  snot  now  larger. 
P.  spot  dividing,  mc.  surrounding. 
P.  spot  broken  in  two ;  fac.  les!i 

prominent. 
Surrounding  fac.  diminished. 
Fac.  near  E.  limb. 
New  fac.  about  spots;  brief  fac 

on  S.  E.  limb. 
Spot  verj'  faint;    fac.    eztendet 

far  S. 
Gran,  difficult;  fac.  ver^'  dim. 

Fac.  on  E.  limb. 

Spots    ver>'    minute;    Fac.  nca 

circle  20"  diam..  very  bright: 
Gran.  dif. 

Results  negative ;  clouds. 
Unsatisfactory  seeing. 
Gran,  visible  to  limb. 
Sun  too  near  horizon. 
Haze;  nothing  more  at  2.15  p.  v 
No  change  at  2.30  p.  m. 
Gran.  fair. 
Two  or  three  bright  regions,  nc: 

quite  fac. 
Gran,  good  ;  fac.  on  E.  limb. 
Suspected  fac.  on  E.  limb. 


•  Nucleus  of  f.  spot  extended  almost  to  limb.     Mr.  Frost,  in  the  April  numlier 
The  Sidkkk.vl  Mkssengkr.  notes  prominences  on  3rd,  and  spot  on  4th.     At  abo" 
date  eruptive  prominences  were  observed  directly  over  each  of  the  three  spots,  t! 
highest  i«rominence  over  the  largest  spot. 
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Q 

GD 

•fl 

90  M. 

3 

I 

1890. 

fi 

r* 

Seeing. 

Remarks. 

M.T. 

■0 

01 

• 

01 

S 

6  April 

12.00 

0 

0 

0 

Fair. 

Slight  haze. 

7       •♦ 

12.30 

0 

0 

0 

Poor. 

Gran.  fair. 

8       •• 

12.40 

0 

0 

0 

Fair. 

At  2  P.M.  seeing  good, gran.  good. 

10      •* 

12.00 

0 

0 

0 

Poor. 

Gran.  dif. 

11       •• 

11.30 

2 

4 

0 

Good. 

One  spot  N..  %  across;  3  spots 
S..  ^  across;  gran,  good.t 

Smith  Obscrvator>'i  Beloit  College,  chas.  a.  bacon. 

April  11th,  1890. 


NEWS  AND  NOTES. 


The  attention  of  foreign  subscribers  is  called  to  the  fact  that  forei|?n 
money  orders,  in  payment  of  dues  to  The  Messenger,  should  lie  drawn  on 
St.  Paul,  for  our  convenience  in  collection. 


The  notice  of  the  discoverv  of  the  first  comet  for  1890,  bv  Professor 
Brooks,  came  too  late  for  our  last  issue,  but  appears  elsewhere  in  this  num- 
ber, that  its  record  may  be'complete. 


Donoboe  Medal  of  the  Astronomical  Society  of  the  Pacific.  We  are 
pleased  to  learn  that  Professor  William  R.  Brooks,  of  Geneva,  N.  Y.,  has 
been  awarded  the  Donohoe  Medal  of  the  Astronomical  Society  of  the  Pa- 
cific, for  the  disco  verj',  on  March  19,  1890,  of  the  first  comet  of  the  year, 
elsewhere  described.  It  is  thejfirst  award  of  this  medal  by  the  Society  and 
a  deserved  honor  for  Professor  Brooks. 


Astronomical  Society  of  the  Pacific,  It  is  also  most  gratifying  to  call 
the  attention  of  our  readers  to  the  phenomenal  progress  that  the  Astro- 
noniical  Society  of  the  Pacific  has  made  daring  the  past  year,  which  is  the 
first  year  of  its  history.  We  do  not  know  anything  like  it  in  the  history  of 
oar  science.  To  our  mind  it  shows  the  wisdom  of  bringing  the  profession- 
al astronomer  and  the  amateur  in  close  relation  that  both  may  share  the 
advantages  of  what  neither  could  accomplish  alone.  The  popular  influence 
of  soch  united  effort  is  manifestlv  excellent. 


Observatory  Local  Patronage,  The  last  month  has  developed  some 
interesting  phases  of  the  question  of  local  patronage  for  local  observato- 
ries. One  step  has  been  taken  which  has  meaning  in  it,  and  that  is  the 
preparation  of  a  memorial  to  be  used  as  shall  be  decided  on  later,  set- 
ting forth  the  views  of  astronomers  generally  concerning  the  relations  of 
the  U.  S.  Naval  Observatory  and  the  Western  Union  Telegraph  Company, 
and  the  effect  of  the  same  on  local  Observatories.  The  signing  of  this  me- 
morial bj'  astronomers  in  all  parts  of  the  I'nited  States  and  by  some  in 

t  At  4.20  p.  u,  1st  and  2nd  spottt  had  drifted  together  and  2nd  nucleus  had  lit- 
craUy  cracked  into  six  distinct  parts ;  three  new  spots  (minute)  had  appeared  N.  of 
3rd  spot.     Required  power  of  221  to  resolve  the  "cracked"  appearance. 
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Canade,  shows  a  univmaliCy  of  feeling  that  was  not  expected  a.  montb 
ago.  Not  only  this,  but  there  are  many  who  tbink  the  time  has  come  when 
ftirther  important  steps  should  be  taken  to  co-ordinate  some  branches  of 
science  in  which  the  Government  is  interested,  and  give  them  a  bead  and 
management  auch  ns  thev  deserve.  This  memorial  is  already  in  the  hands 
of  those  who  will  give  it  the  prompt  and  earnest  attention  it  deserves. 


The  Western  Union  Time.    Our  readers  who  have  had   access 
leading  daihca  of  the  counlrj-  already  know  what  has  been  going  on  dtirincfl 
tbe  last  thirty  days.    Those  who  have  not  and  care  to  know  may.   witlt^ 
advantage,  read  articles  fonnd  in  tbe  Neiv  York  Herald,  March  30  and  31; 
Pittsburgh  Dispatch,  April  1 :  Chicago  Tribune,  March  29 ;  St.  Paul  Ghbt, 
March  27 ;    also  the  Chicago  Tribane  of  March  28.    The  remarks  of  the 
Superintendent  of  the  United  States  Naval  Observatory  in  the  last  named 
paper  concerning  us  personally  are  eo  disgracefnl  that  they  are  unfit  loj 
copy,  much  less  to  answer.    The  language  of  the  slum  and  the  brotlM 
which  the  snperintendent  relishes  so  well  shall  have  no  place  in  Tas  MkI 
6EKGEH.    Accidents  in  official  place  find  their  true  level  in  time  and  BOitlf> 
limes  speedily.    Our  friends  are  exhorted  to  keep  their  patience. 


Melbourne  Observatory.    A   very  neat  volume  of  131  pages  has  h 
received  containing  tbe  results  of  astronomical  observations  made  at 
Melbourne  Observatorj.  in  the  years  1881,  '82,' 83,' 8*.  under  the  directioi 
of  Robert  J.  Ellerj',  Govemmenl  Astronomer  to  the  Colony  of  Vjctoiiifl 
Australia. 

This  volume  has  an  introduction  of  20  pages  describing  the  position  of 
the  Observatory,  the  personal  establishment,  the  instrument,  mninly  the 
transit-circle,  whose  object-glass  is  five  inches  aperture  with  focal  length  of 
72  inches,  tbe  transit-circle  observations,  zenith  distance  observation*  and 
manner  of  printing  observations.  Then  follows  the  tabular  part  of  tie 
volume,  first  the  work  for  the  year  1881.  in  which  the  separate  rcsulla  for 
mean  right  ascension  of  stars,  and  the  separate  results  for  mean  oortli 
polar  distance  and  then  nnother  table  showing  tbe  mean  of  individual  otk 
servations  for  the  same  stars  numbering  173.  in  alt.  For  the  year  1883  a 
catalogue  of  1 96  stars  was  made  in  the  same  way,  in  1883  the  catAlagne 
contained  37ti  stars,  and  in  1884-,  34-7. 

The  convenience  of  form  and  neatness  and  care  in  detail  make  tbis  pvVl 
lication  a  model  one,  so  far  as  appears  from  a  brief  ei 


jVew  Variable  Stars  in  Cygnus.     Photographs  of  the  speetrn   of  t 
fainter  stars  are  now   being  taken  at  the   Harvard  College  Observatoi 
with  the  8-inch  Draper  telescope.    Their  examination  by  Mrs.  Fleming  h 
led  to  the  detection  of  various  interesting  objects.    The  star  DM.  -+-  4 
2942,whose  position  forlSOOisinR.A.  19"  40.8=';Dec.  +  +8=  32',  was fom 
to  give  a  spectrum  so  closely  resembling  that  of  o  Ceti  and  other  vwiltbl 
stars  of  that  class  that  its  variability  was  at  once  suspected.    A  photo| 
phic  chart  of  this  region  was  therefore  taken  and  a  comparison  vvith  | 
vious  photographs  proved  conclusively  that  tbe  star  was  variable,    i 
dander  estimated  its  brightness  as  7,  July  28,  1842,  and  it  is  given  as  7. 
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the  Darchmusterung.  Photographs  taken  on  November  30  and  December 
1,  1887,  show  that  it  was  then  fainter  than  the  magnitude  11,  while  on 
March  30, 1890,  it  was  brighter  than  the  magnitude  7.  The  photographs 
at  Cambridge  cover  the  greater  portion  of  the  sky  several  times  and  often 
permit  a  suspected  discovery  to  be  confirmed  without  examination  of  the 

sky.  EDWARD  C.  PICKERING. 

Harvard  College  Observatory,  Cambridge,  April  12,  1890. 


A  Simpk  Break-Circvit  for  Clocks,  In  the  March  Messenger  we  pub- 
lished a  brief  article  by  Witiard  P.  Gerrish,  descriptive  of  a  simple  break- 
circmt  for  docks  which  we  had  no  knowledge  of  before,  and  which  Mr.  Ger- 
rish also  believed  to  be  new.  From  later  correspondence,  however,  it  turns 
out,  undoubtedly  that  Mr.  G«rrish  reports  a  re-discovery  of  a  method  that 
hasdae  where  been  in  use  for  a  long  time. 

Under  date  of  April  4,  Charles  H.  Chandler,  Ripon  College,  Wis., 
writes:  "The  simple  break-circuit  for  clocks,  described  by  Mr.  Gerrish  in 
the  March  Messenger,  is  the  same  in  principle  as  one  employed  in  Dart- 
mouth College  Observatory  more  than  twenty  years  ago  by  Professor  C. 
A.  Yonng.  I  think  a  mercury  contact  was  employed  instead  of  platinum, 
but  the  permanent  horse-shoe  magnet  swinging  near  the  light  armature 
was  employed  to  make  the  circuit.  I  have  also  used  a  similar  device  upon 
an  'Atwood's  Machine.'  By  placing  the  armature  upon  one  end  of  a 
light  lever,  and  counterpoising  it  with  a  weight  screwed  upon  the  other 
end  of  the  lever,  an  admirable  delicacy  and  certainty  of  adjustment  is 
practicable." 

Desiring  further  information  about  this  interesting  device,  we  asked  Pro- 
fessor Yonng  for  it.  Under  date  of  April  9,  he  replied  as  follows  :—**  Mr. 
Chandler  is  quite  right.  In  1867, 1  had  in  use,  at  the  Observatory  at  Han- 
over, a  break-circuit  precisely  like  that  described  by  Mr.  Gerrish,  and  gave 
it  up  because  it  was  not  always  certain  in  its  action,  sometimes  failing  to 
break  on  account  of  a  slight  welding  hy  the  spark  at  the  point  of  contact.'* 

"  As  I  know  now,  that  could  have  been  easily  remedied  by  making  the 
contact-points  of  gold  instead  of  platinum,  but  I  did  not  know  it  then.  I 
had  also  used  a  similar  break -circuit  three  or  four  years  before  at  the  Ob- 
servatory of  the  Western  Reserve  College  then  at  Hudson,  Ohio." 

••  But  the  idea  was  not  original  with  me — at  least  Dr.  Brunnow  of  Ann 
Arbor  was  earlier.  The  earliest  description  of  the  device,  so  far  as  I  know, 
is  that  given  by  him  about  1859  in  N  o.  19  of  the  *  Astronomical  Notices'— 
ray  reference  being  derived  from  a  paper  now  before  me  reprinted  from  the 
Journal  of  the  Franklin  Institute.  This  paper  (the  date  of  which  is  not 
given  but  it  must  be  between  1862  and  1864)  describes  and  figures  a  modifi- 
cation of  this  break  by  Mr.  Robinson  (now  Professor  Robinson  of  Cham- 
paign, Illinois)  which  was  in  use  in  1864  on  two  of  the  clocks  used  by  the 
Lake  Survey  Longitude  parties.  It  gave  trouble  occasionnllj'  by  ••stick- 
ing"— 1.  e.  welding,  as  already  mentioned  was  the  case  with  the  form  I 
afterward  employed,  which  had  a  horseshoe  magnet  Ijelow  the  pendulum 
instead  of  the  single  pole  magnet  of  Robinson." 

"The  magnetic  break  is  objectionable,  theoretically,  at  least,  because 
variations  of  temperature  alter  the  attraction  between  magnet  and  arma. 
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ture  and  so  affect  the  rate  of  the  clock.    It  is  very  sensative  to  slight 
changes  of  distance  between  magnet  and  armature." 


Stellar  Parallax.  We  have  inadvertantly  omitted  to  call  attention  be- 
fore to  a  most  useful  article  in  Knowledge  for  February  bj'  Herbert  Sadler 
on  Stellar  Parallaxes.  In  that  paper  is  given  a  list  intended  to  include  all 
parallaxes  published  from  1800  to  the  end  of  1889.  In  this  list  is  given  the 
ordinary'  designation  of  the  star,  its  approximate  place  for  1890,  the  mag- 
nitude roughly  to  the  nearest  half  in  the  photometric  scale,  the  name  of  the 
observer  or  publisher  of  the  determinations,  the  date,  the  method  of  observ- 
ation, the  aperture  of  the  instrument  employed,  a  reference  to  the  place  of 
publication,  and  the  actual  parallax  and  probable  error  as  determined  by 
the  obsen-er.  Though  not  given  the  distance  of  each  star  in  light  years  in 
the  list  could  easily  be  found  by  dividing  3.262  by  its  parallax  in  seconds. 
This  article  is  so  imixjrtant  that  we  will  soon  give  it  place  in  the  Messen- 
ger. It  is  hoiked  that  Professors  Hall  and  Elkin  will  continue  the  work, 
and  possibly  Proliessor  Holden  will  soon  do  something  in  the  same  direc- 
tion. 


Professor  H.  A.  Howe,  Director  of  the  Chaml^erlin  Observatorj',  of  the 
University  at  Denver,  Colorado,  is  planning  to  build  a  Students'  Observa* 
tory.  This  will  give  much  needed  facility  in  connection  with  the  larger  Ob- 
ser^-atory  already  in  process  of  construction.  The  student  work,  by  this 
plan,  will  not  interfere  with  other  in  progress  by  the  instruments  of  the 
large  Observatory-.  His  ])lan  is  to  have  a  six-inch  equatorial  and  a  two- 
inch  transit  for  student  use.  Mr.  Brashear,  of  Allegheny,  and  Mr.  Saegmul- 
ler,  of  Washington,  will  build  the  instruments.  Mr.  Saegmuller  reports  that 
the  definition  of  the  objective  that  has  been  selected  is  simply  "superb." 


The  Transactions  of  the  Twentieth  and  Twenty-first  Annual  Meetings 
of  the  Kansas  Academy  of  Science  for  the  \'ears  1887  and  1888  appear  in  a 
neatlj'  printed  book  of  127  pages.  A  copy  is  kindly  sent  us  by  Librarian 
B.  B.  Smith,  Topcka,  Kansas. 

Dust  Particles  in  the  Air,  An  ingenious  method  has  been  devised  by 
Mr.  John  Aitkin  for  counting  the  dust  particles  in  the  atmosphere.  It  was 
found  that  when  the  moisture  is  condensed  in  a  rarified  atmosphere  each 
rain-drop  has  a  dust  particle  for  its  nucleus,  so  that  by  sweeping  a  measured 
portion  of  the  air  into  an  exhausted  receiver,  by  means  of  pure  air,  and 
counting  the  number  of  deposited  drops,  it  is  easy  to  calculate  the  number 
of  dust  particles  in  a  given  volume  of  the  impure  air.  The  counting  is  man- 
aged by  having  the  silver  plate  in  the  receiver  divided  into  millimeter 
squares,  so  that  it  is  only  necessary  to  count  the  drops  on  one  square  milli- 
meter. Mr.  Aitkin  showed  that  the  air  of  a  hall  contained  400,000  parti- 
cles to  the  cubic  centimeter,  while  a  specimen  of  air  taken  near  the  roof  of 
the  hall  gave  8, 500.0(H)  to  the  cubic  centimetre.  In  Edinburgh,  on  a'iine 
day  after  snow  the  numlxT  of  dust  particles  in  the  cubic  centimeter  was 
7r>,000,  but  in  pni-e  country  air  the  num])cr  is  often  as  low  as  5,000. — Sci- 
ence Xews. 


News  and  Notes,  235 


"TAc  Chief  Discoverers  of  Comets,*'  The  revised  table  given  by  Pro- 
ftssor  Swift  in  The  Sidereal  Messenger,  April,  1890,  p.  189,  difiers  from 
mine  owing  to  a  difference  of  method  in  compilation.  In  my  list,  Sid.  Mes.» 
March,  p.  122, 1  counted  as  discoveries  some  returns  of  periodical  comets, 
-whereas  Professor  Swift  has  omitted  these.  There  is  no  doubt  that  a  dis- 
coverer of  an  unexpected  comet  deserves  vastly  more  credit  than  an  ob- 
server who,  by  means  of  an  ephemeris  is  the  first  to  pick  up  a  periodical 
comet  at  its  return  to  aphelion.  But  it  is  usual  in  cometary  statistics  to 
give  the  names  of  these  first  observers  of  returning  periodical  comets  as 
"  discoverers."  Thus  in  Chambers*  Catalogue  we  find  their  names  classed 
under  this  heading. 

In  summarizing  results  of  this  character  no  two  persons  are  likely  to 
agree  exactly,  because  each  one  will  accept  or  reject  details  according  to  his 
opinion  of  the  circumstances.  Thus  in  my  table  I  included  two  comets 
found  by  Pons  in  1808,  though  not  observed  sufficiently  for  their  orbital  el- 
ements to  be  ascertained.  I  presume  Professor  Swift  rejected  these  observ- 
ations thinking  that  owing  to  the  want  of  corroboration  Pons  was  hardly 
entitled  to  the  merit  of  discovery. 

Professor  Swift  not  verv  charitablv  ascribes  the  differences  in  our  tables 
to  errors  existing  in  mine,  but  1  cannot  find  any  justification  for  such  a 
statement.  Professor  Swift  is  himself  in  error  in  attributing  26  comets 
as  the  number  discovered  by  Pons,  and  there  arc  other  defects  in  his  table, 
one  of  the  most  serious  of  which  is  the  entire  omission  of  Messier's  name. 
The  latter  was  the  most  |)ertinacious  and  most  successful  comet  seeker  of 
the  last  centur\'.  W.  F.  Denning. 

ar 

Bristol,  April  10,  1890. 

American  Metrological  Society.  We  have  been  favored  with  a  copy 
of  the  Constitution  of  the  American  Metrological  Society  and  the  list  of 
officers  for  the  year  1890.  This  important  organization  has  for  its  objects 
the  improvement  of  existing  systems  of  weights,  measures,  and  money, 
and  to  bring  them  into  relations  of  simpler  commensurability  with  each 
other.  Also  to  secure  universal  adoption  of  common  units  of  measure  for 
quantities  in  physical  obser\'ation  or  investigation,  for  which  ordinary  sys- 
tems of  metrology  do  not  provide ;  such  as  divisions  of  barometer,  ther- 
mometer, and  densimeter :  amount  of  work  done  by  machines ;  amount  of 
mechanical  energj-,  active  or  f^assive,  of  bodies,  as  dependent  on  their  mo- 
tion or  position ;  quantities  of  heat  present  in  bodies  of  given  temperatures. 
or  generated  by  combustion  or  otherwise:  quantity  and  intensity  of  electro- 
dynamic  currents;  aggregate  and  efficient  ix>wer  of  prime  movers;  accele- 
rative  force  of  gravity,  pressure  of  steam  and  atmosphere,  and  other  mat- 
ters analogous  to  them ;  and  to  secure  uniform  usage  as  to  standard  points 
of  reference,  or  physical  conditions  to  which  observations  must  Ije  reduced 
for  purposes  of  comparison ;  esjiecialh'  temi)erature  and  pressure  to  which 
are  referred  specific  gravities  of  bodies,  and  the  zero  of  longitude  on  the 
earth. 

Further,  to  secure  the  use  of  the  decimal  svstcm  for  denominations  of 
weight,  measure,  and  money  derived  from  unit-bases,  not  necessarily  ex- 
cluding for  practical  pur])oscs  binary  or  other  convenient  divisions,  but 
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maintained  a]ong  witli  such  other  niethocls,  on  nii-ount  of  facilities  for  i 
cnlfltion,  reductions,  ami  comparison  «f  values,  afforiled  by  a  system  o 
forming  to  our  numerical  notation. 

The  modes  of  operation  chosen  by  the  Society  are  very  general  i 
specificnlly  stated  in  the  cnnsLJtution.  The  plan  is  a  very  comprehenii 
one  and  deserving  of  success.    The  officers  of  the  j)rescnt  yes 

President,  B.  A.  Gould,  Cambridge,  Mass.    Vice-Presidents:  T.  R.  PjJ 
dion,  Hartford,  Conn.;  Sanford  Fleming,  Ottawa,  Canada ;  T.  C.  Mcnilcu 
hall,  Washington,  D,  C;  T.  Bgleston,  New  York  City :   R.   B.   Pairboin 
Annandale.  N.  Y.;  J.  H.  Van  Amrinjje,  New  York  City.    Treasurer  anil  I 
cording  Secretary,  John  K.  Rees.  New  Y'ork  City.    Corresponding  Secreta^ 
U.  H.  Tinmann,  Washington,  D.  C.     Members  of  the  Council :     H.  A.  S 
too.  New  Haven,  Conn.;  Cleveland  Abbe,  Washington.  D.  C;  R.  H.  Thti 
ston,  Ithaca,  N.  V.;  A.  M.  Mayer,  Hoboken,  N.  J.;  C.  F.  Broekctt.  Prii 
ion,  N.  J.;  W.  F.  Allen,  New  York  City ;  Simon  Newcomb,  Washington 
C;  S.  P.  Langley.  Washington,  D.  C;  E.  O,  Leech,  Washington,  D. 
Geo.  Eastbnm,  Philadelphia,  Penn. 


The  Motion  of  Hyperion.    No.  2  of  Vol.  5  of  the  Annals  of  Mathemati 
contains  an  elaborate  article  on  the  motion  of  Hyperion,  by  Frofa 
Ormond  Stone,  Director  of  the   Leander  McCormick   Observatory 
University  of  Virginia.    In  this  article,  it  is  first  assumed  that  the  planes  ■ 
the  orbits  of  Titan  and  Hyperion  coincide  and  the  differential  e<|uatiou»ft 
the  motion  of  the  latter  are  then  written.    The  co-ordinates  which  resfl| 
are  only  approximate  and  more  accurate  ones  could   be  found  by  « 
rion  of  the  same  process.    It  is.  however,  suggested  that  thesolntiona 
not  even  be  considered  as  approaching  completion  until  the  value 
of  the  variables  are  obtained  by  a  comparison  of  an  assumed  orbit  >i 
observations  mode  near  conjunction,  and  distributed,  it  possible,  c 
whole  nineteen  years,  during  which  another  variable  makes  a  cycle  of  36( 
Professor  Stone  also  suggests  that  the  method   used  in  this  article  n 
also  be  readily  extended  to  cases  in  which  the  disturbed  and  the  distttrbt 
Ijodies   do  not  move  tn  coplanar  orbits.    The  asteroids  furnish    tjnitc 
number  of  interestin.^  cases  of  menn  motions  nearly  commensarate   i 
that  of  Jupiter.    .K%  examples,  may  be  mentioned  1153)  Hilda  and  llflj 
Ismcne,  whose  mean  motions  are  each  approximately  three  balv« 
ofjupitcr. 

Honor  for  Professor  Uolden.    The  Astronomical  Society  of  Praac« 
its  Inst  meeting  elected  Professor  B.  S.  Holden,  Director  of  Lick  Obi 
tory,  one  of  its  Honorary  Mcml>ers. 

Pnoftssor  W.  A.  Craseahtrry  of  Garfield  University.  Wichita.  Kaaa| 
sometime  ago  sent  us  n  graphic  solution  of  the  two  simultaneous  eqni 
jr'  -|-  r  ^=  7  and  jc  +  _v'  =^  II.  The  geometric  figure  is  a  neat  oae  I 
though  not  difficult  to  get.  it  will  soon  be  given  as  bearing  on  ■ 
raised  by  dtflerent  persons  interested  in  the  algebraic  solution  to  find  i 
values  ofx  and  V. 
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Spectroscopic  Observations  of  Algol,  In  answer  to  the  queries  of  an 
interested  reader  of  the  Messenger,  for  information  concerning  spectro- 
scopic obser\'ations  of  the  variable  star  Algol,  we  give  iii  full  a  brief  article 
that  appeared  in  No.  209  of  the  Astronomical  Journal  as  follows: 

At  the  session  of  the  physico-mathematical  class  of  the  Berlin  Academy 
of  Sciences  held  Novemljcr  28,  Dr.  Anwers  presented  the  following  results  of 
the  spectrographic  observations  of  the  variable  star  Algol,  by  Professor 
Vogel  and  Dr.  Scheiner. 

Three  impressions  of  the  spectrum,  taken  last  winter,  had  already  given 
evidence  that  Algol  recedes  from  the  sun  before  a  minimum,  and  approaches 
it  after  a  minimum,  Notwithstanding  that  the  lines  of  the  i4^go/-spectrum 
are  not  well  adapted  for  accurate  measurement,  still  every  impression  gave 
the  direction  of  the  motion  beyond  all  doubt,  and  permitted  the  determina- 
tion of  its  amount  with  tolerable  approximation. 

Three  new  impressions,  made  within  a  few  weeks,  have  afforded  restdts 
completely  accordant ;  and  the  hj-pothesis,— long  ago  proposed  but  for  the 
most  part  abandoned  since  then,  on  account  of  the  great  mechanical  and 
physical  difficulties  which  it  entails, — that  the  variation  of  Algol's  light  is  to 
he  attributed  to  eclipse  by  a  dark  companion  revolving  around  it,  now  re- 
cieves  strong  support  again  from  these  observations 

The  motion  of  revolution  for  the  visible  star  maj*,  from  the  mean  of  the 
six  measurements,  be  assumed  as  5.7  geographical  miles  [42  kilometers*]. 
Furthermore,  the  assumption  of  a  circular  orbit,  described  with  this  velo- 
city, gives  when  combined  with  the  period  of  variation,  an  arrangement  of 
the  system  somewhat  thus : — 

Diameter  of  the  principal  star              230,000  miles  [1,700,000  km 
*  -" 1,322,000 


5,200,000    •* 
88 


*'      *•    dark  companion        180,000 
Distance  of  their  centers  700.000      *' 

Orbital  velocity  of  the  companion        12.0 
Masses  of  the  two  bodies,  four-ninths  and  two-ninths  of  the  sun's  mass. 

The  several  results  of  the  observations  now  at  hand  are  as  follows 


5-i  3.5  fa         §a  g.^3       t 


<t 


ft? 


H  :    s  :    0 

d      h                      h                     M.  M.               M.  M. 

1888  Dec.        4  6.6        11.4  after       —5.0  —1.2       —6.2  —7.1        Vi 

1889  Jan.        6  5.7        22.4  Ijefore     +6.9  —3.0       -f3.9  -}-4.3        1 

9  5.5        19.4  before     -f7.5  —3.1        -f4.4  -f4.5        1 

Nov.    13  9.3        13.3  after       —5.6  +0.2        —5.4  —5.7        1 

23  9.0       22.3  before     +6.2  —0.5        +5.7  +6.5        1 

26  8.5        19.6  before     +6.8  —0.7        +6.1  +6.2        Va 

Consequentl3'  the  mean  of  the  observed  motions,  reduced  to  quadrature,  is 

Before  minimum,    +5.3  miles.  After  minimum,  — 6.2  miles. 


Wolsingham  Observatory.    Bright  lines  were  seen  in  the  spectrum  of  0, 
as  well  as  in  0^  Orionis,  March  26,  and  in  S  Coronae  possibly  also  April  1, 

1890.  T.  E.  ESIMX. 

•  A  Gertnao  geographical  mile  rcprenents  the  fifteenth  part  of  a  degree   on  the 
terrestrial  equator,  or  about  7.4  kilomcten. 
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Bulletins  of  the  U,  S.  Scientific  Expedition  to  West  Africa,  We  have 
been  favored  by  Professor  Todd  with  bulletins  of  the  U.  S.  Scientific  Expedi- 
tion to  West  Africa,  numbered  7,  9,  10,  11  and  12,  which  make  our  series 
complete  to  the  last  number  above  named,  excepting  the  first.  We  have  be- 
fore spoken  of  other  numbers.  Xo.  7,  bearing  date  Nov.  15. 1889,  is  a 
pajDcr  on  a  Provisional  List  of  Mammals  of  Angola  and  Vicinity,  pre- 
pared by  F.  W.  True,  Curator  of  Mammals  of  the  National  Museum, 
Washington,  D.  C.  Nos.  9  and  10  are  dated  December  10,  1889,  and  con- 
tain instructions  and  suggestions  for  observing  the  total  eclipse  on  the  22d 
of  the  same  month.  Tlicse  were  prepared  by  Professor  Todd.  No.  11  bears 
date  Dec.  24',  1889,  with  title,  "Terrestrial  Physics."  This  paper  was  pre- 
pared by  E.  D.  Preston.    Some  of  its  interesting  points  are: 

That  obser\'ations  of  the  force  of  gravity  at  different  points  of  the 
earth's  surface  have  brought  out  the  fact  that  islands  are  relatively  heavy 
and  continental  mountains  light.  The  most  notoble  case  is  Pinchincha  in 
Peru,  at  which  a  densit}-  of  about  one-fifth  was  deduced  for  the  mountain 
and  the  underlying  strata.  At  Halsakala,  a  mountain  in  the  Hawaiian 
islands,  the  density  was  at  least  equal  to  that  of  the  surface  rocks.  An  in- 
teresting study  for  gravity  determinations  will  probably  be  brought  out  bj' 
this  expedition,  bearing  on  some  important  questions.  Bulletin  No.  12  is 
dated  Dec.  31, 1889,  and  signed  by  Professor  Todd,  and  has  for  its  title, 
"The  Total  Solar  Eclipse."  The  substance  of  this  interesting  number  has 
already-  api)eared  in  previous  numbers  of  this  journal  b\'  kindness  of  Profes- 
sor Todd  and  memlK*rs  of  his  party. 


The  Mathematical  Magazine.  No.  1  of  Vol.  2  of  this  valuable  maga- 
zine has  been  received.  It  is  published  by  Artemas  Martin,  LL.  D.,  L-.  S. 
Coast  and  Geodetic  Survey,  Washington,  D.  C.  Quarterly;  price  one 
dollar  a  vear  in  advance. 


Knowledge,  of  April  first,  contain*  a  short  letter  from  Professor  Hall, 
calling  attention  to  what  he  believes  to  be  the  real  advantages  of  the  pho- 
tographic method  in  astronomical  investigation,  and  also  suggesting  the 
jiossibilitj'  of  unwarrantable  confidence  in  the  exactness  of  the  method. 
C)n  the  latter  point  he  says:  " The  discussion  of  the  American  photographs 
of  the  transits  (of  Venus)  of  1874  and  1882,  nearly  two  thousand  in  num- 
ber, gives  for  the  probable  error  of  the  position  of  Venus  from  a  single  plate 
about  half  a  second  of  arc:  that  is,  the  photographic  method  has  approx- 
imate! v  the  same  de<;rec  of  accuracv  as  an  observation  with  a  meridian 
circle. 

Photographies  Notes.  Monthly  Xoticcs  for  FebruarA*  gives  brief  rec- 
ords of  work  done  in  various  departments  of  celestial  photography.  The 
subjects  treated  are:  Professor  Pritchard's  researches  in  stellar  parallax: 
Professor  H.  C.  V<jgers  investigations  of  the  motions  of  stars  in  the  line  of 
sight:  the  work  of  Professor  Pickering,  Dr.  Scheiner,  and  Professor  Char- 
lier  in  the  line  of  photometry- :  and  proposed  charts  of  the  heavens.  Some 
short  quotations  from  these  records  follow. 

"There  can  l)e  little  doubt  that  for  the  delicate  work  of  stellar  parallax 
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as  applied  to  the  fainter  stars  the  photographic  method  must  ultimateh' 
prevail  over  all  other  methods  by  micrometers  or  by  hcliometcrs.'*  "Six 
photographs  of  Algol  taken  in  1888  and  1889  show  a  distinct  change  of 
motion  to  be  connected  with  its  light  jHrriod,  namely,  that  before  minimum 
it  is  receding  at  the  rate  of  24-.4'  English  miles  |)er  second,  while  after 
minimum  has  been  passed  the  star  approaches  us  with  the  velocity  of  28.6 
miles  per  second.  From  these  velocities  it  follows  that  the  system  of  Algol  is 
approaching  our  system  at  the  rate  of  2.3  miles  per  second,  and  that  the 
>'isible  star  has  a  velocity  in  its  orbit  of  26.3  miles  |x*r  second.  .  .  Professor 
Yogel  wishes  these  results  to  \yc  regarded  as  provisional  only. 

Three  catalogues  of  star  magnitudes  have  been  prepared  by  the  photo- 
graphic method  at  the  Harvard  Observatory.  The  first  and  third  of  these 
catalogues  is  deduced  bj'  the  method  of  trails.  The  second  contains  mag- 
nitudes of  stars  in  the  Pleiades  group,  determined  by  comparing  discs  of 
two  stars  in  the  Hyades  with  those  on  the  Pleiades  plates. 


Venus  in  Daylight,  Under  date  of  April  8,  Mr.  \.  Cameron,  Yarmouth, 
Nova  Scotia,  writes  that  he  saw  at  one  o'clock  p.  m.  of  that  daj',  the  planet 
Venus  distinctly,  with  the  naked  eye.  He  says  the  sky  was  perfect.  A 
roof  and  a  couple  of  chimneys  enclosed  her  and  an  L  on  the  house  shut  off 
the  sun. 


BOOK  NOTICES. 


Faith  Healing.  A  Defense,  or.  The  Lord  thv  Healer.  By  R.  L.  Marsh,  B. 
D.  Fleming  H.  Revell.  Publisher.  New'York,  12  Bible  House,  Astor 
Place.    Chicago,  14.8  and  150  Madison  Street.     Pp.  147. 

The  sentence  on  the  title  page  suggests  the  important  truth  which  this 
new  book  undertakes  to  unfold.  "It  is  Christ's  words:  Whether  it  is 
easier  to  say.  Thy  sins  are  forgiven,  or  to  say  Arise  and  walk."  There  are 
many  thoughtful  persons  who  «ire  asking  the  (juestion  whether  the  belief 
that  is  called  ** Faith  Healing"  or  Divine  Healing  is  true  or  not.  The 
friends  of  this  doctrine  are  heard  from  in  all  parts  of  the  world,  and  some 
very  wonderful  things  are  related  by  them,  the  half  of  which,  if  true,  should 
lead  to  careful  examination  of  the  facts  that  the  needs  of  humanity  might  be 
met  and  served  in  letter  way  if  there  is  new  or  l)etter  balm  in  Gilead  than 
latter  day  physicians  have  known.  However  this  may  l)e,  this  little  book 
is  the  outgrowth  of  one  ixrrson's  exixrriencc,  through  several  years  of 
searching  for  truth  with  reference  to  the  subject  of  Faith  Healing  so-called. 
The  writer  says  that  the  Scripture  argument  is  that  which  at  last  convinced 
him,  and  he  put  it  in  writing,  as  a  graduating  thesis  to  Ix?  presented 
with  the  final  examinations  to  the  Faculty  of  Yale  Theological  Seminary. 
By  the  encouragement  of  some  of  the  Faculty  and  other  friends  the  writer's 
studies  have  finally  assumed  the  present  form.  The  modest  way  in  which 
he  introduces  himself,  as  he  undertakes  a  most  difficult  task  is  very  l)ecom- 
ing,  and  we  do  not  see  that  he  sacrifices  an3'thing,  or  loses  an\*  strength  of 
position,  by  saying  that  he  does  not  yet  know  all  the  truth,  and  docs  not 
expiect  to  answer  everj*  objection  that  may  be  urged  against  what  he  shall 
say,  but  simply  to  state  doctrine  of  this  mode  of  healing  as  he  finds  it  in  the 
Scriptures. 
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The  author's  first  point  is  to  object  to  the  title  of  "  Faith  Healing,"  be- 
cause that  name  is  misleading,  in  that  it  directs  attention  to  human  agency 
in  cure,  instead  of  the  divine.  Healing  is  by  faith  in  the  same  sense  that 
justification  is  by  faith,  not  the  means  nor  necessarilj-  always  the  condition 
of  blessing  in  this  way,  but  it  is  simply  the  procuring  act.  It  is  by  the 
power  of  God  through  faith  in  his  name.  Hence,  a  better  name  is  Divine 
Healing. 

A  brief  outline  of  the  doctrine,  as  given  in  the  first  chapter  is  this : 
**The  Old  and  New  Testaments  present  the  same  teaching  concerning  the 
cause  or  origin  of  disease,  and  the  means  of  escape  from  it.  The  cause  of 
disease  is,  in  general,  the  devil  ;*'  escape  from  it  is  through  atonement,  more 
fully  stated ;  Deliverence  from  sickness  is  one  of  the  conditional  blessings  of 
Jehovah's  covenant  with  Israel.  The  unfaithfulness  of  the  people  prevented 
any  full  realization  of  the  blessing,  yet  a  recognition  of  its  possibility  con- 
tinued throughout  their  historj'.  This  hope  is  a  large  part  of  the  Messianic 
prophecj'.  The  power  and  privilege  of  healing  in  Christ's  name  He  gave  to 
His  disciples  as  a  part  of  the  Gospel  and  distinctly  promised  that  it  should 
be  continued  wherever  that  Gospel  was  preached.  Both  earlier  and  later 
apostolic  teachers  confirm  and  continue  that  promise. 

This  is  a  very  brief  and  very  general  outline  of  the  subject  matter  of 
this  book,  as  it  appears  from  more  than  twenty  different  topics  in  as  many 
different  chapters.  Christian  people  commonly  believe  most  of  the  first 
part  of  this  outline,  but  very  generally  thcj'  do  not  believe  that  the  power 
which  Christ  exercised  in  healing  was  continued  beyond  the  time  of  the  dis- 
ciples. On  what  grounds  such  a  belief  should  have  l^een  given  up,  or  when, 
or  by  what  authority'  the  power  of  healing  the  sick  by  prayer  has  been  re- 
voked, we  do  not  know.  We  know  that  most  good  people  believe  that  this 
was  one  of  the  special  gifts,  intended  only  as  a  sign  to  establish  the  new  re- 
ligfion  and  that  it  filled  its  mission  in  the  time  of  the  deciples.  But,  it  is  per- 
tinent still  to  ask  what  is  the  authority  for  this  belief?  We  do  not  believe 
such  a  doctrine  is  taught  in  the  Bible,  but  we  do  believe  the  author  of  this 
new  and  interesting  book  is  right  in  his  views,  because  they  harmonize  in 
all  important  essentials  with  the  scriptures  on  the  subject  as  we  have  read 
them  for  years.  In  many  particulars  his  detailed  statements  of  different 
phases  of  this  great  study  arc  clearer  and  better  than  we  have  seen  or 
known  before.  The  book  has  therefore  helped  us  in  the  use  of  this  wonder- 
ful power,  and  we  are  grateful  for  it.  The  author  has  done  good  service  in 
this  important  field  of  labor  and  it  is  to  l)e  hoped,  for  the  cause  of  truth 
and  great  need,  his  ready  and  forceful  pen  will  not  be  long  idle. 


The  Jones*  Logarthmic  Tables.  In  a  recent  number  of  The  Messengek 
a  notice  of  Professor  Jones'  new  book  of  Logarithmic  Tables  was  given, 
setting  out  somewhat  fully  the  merits  of  it  and  calling  attention  to  its  con- 
venience of  form  and  arrangement.  Professor  Jones  has  earnestly  striven 
to  free  the  tables  of  all  errors  and  offered  liberal  reward  to  any  one  who 
would  aid  him  in  the  work  of  determining  and  securing  complete  accuracy. 
The  edition  for  1890  is  probablj-  very  nearl3'  correct,  if  not  entirely  so.  The 
book  is  8vo  in  form,  contains  72  pages  in  flexible  cover,  price  50  cents;  to 

teachers  25  cents ;  for  introduction  35  cents.  Its  large  open  pages,  its  clear 
type,  and  its  strong,  heavy  paper  make  it  an  attractive  and  a  durable 
hand-book  for  the  computer's  table. 
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0  Ptl^lO;?   OF   CA"I.LT.>S    COLLH^jZ  OBSERVaT.: 


PROKKSSC*  -    "LIAS    ..Oov    : 

fCIias  Loviimr-  n'."s  born  in  t]i«.   :        .  \:  ..     • 
'."••■....,   August    "h,    ISll.      ili-   ♦"••*li«»     ■:       ;■■■ 
i-  tonils,  was  ])aslni   in   L^.•'L   ;       -.nr:         i   -. 
"!s2S.     il^  \va^  a  nrin  ]>('s>-»t  1  ,•:  c-.i      ■   •.'•;. 
'  r  j)()siliv<.MN>rivi<.lI(>n5;.  rnd  (»f  rj  wil:'-  ^    t  - 
•lazaTls  ^vhcrcv«'r   iri'ili   ami   'viiils.  ;i- 
iiijj^ht  lea*K     ile  had  <iunicd  ai  rii«f.. 
iTUi;,  though  apparcnily  li .  aid  not   :••».  !. 
.ilh  his  cla^s.     lie  is  ciirulled  v.ith  »^  .  '  i  :: 

I'^.e.  and   lio  also  rt'ooivd,  in    \^^  .'   ''•■-    :»> 
Mnsicr  oT  Arts  from  \  <'dc  Coll'^>^t.      \i  :«   ;•»  i*    ' 
L'>  Jlhnois,  .  !j'1  thcr^  Wi..-  ins irn mental  ui  iou..-     •• 
iLU-t.n  which  «'dtxT\vai  ds  !>c<*ame  ^hn!' let?  ». 

Althcn<^^h  the  boy  inherited  from  his  fa"*!.;.*'  ;.         ;    •  »    .• 
'.'<u\  yet  iii*^  love  for  the  lan^un<jes  ;•!>'»   •si-*  >b'*\-i-.    * 
vei  \  early  a,G:e.     At  an  age  at  which  many  h'-jLTl*'^  i'.'\.-   .in 
>lili  stru.Li^iIinf;  with  the  reading  of  En^rlish.  ht:  >  !<if  :t<d 
tf»  have  been  reading  with  ease  the  New  Tes;aj  wnt  in  t*.e 
•  • -f.inal  Greek.     He  prepared  for  colle;;:^  ahv-^st  entirely  un- 

•r  tlivj  inst  motion  of  his  father.  He  was,  for  a  single  win- 
u.r  nv.\\\  at  the  Academy  at  Monson,  Mass.  Owing  in  part 
."  !;  vb^e  health  he  was  more  disposed,  in  those  early  year>, 
.  •  ;--'e]»  to  his  books  than  t')  roam  with  other  boys  ovei  lb.?* 
Wiilington  hills.  In  his  later  life  he  frequently  said  th;*'  m 
iiis  early  days  he  never  had  a  thought  of  asking  whra  -;'i 
jcvi.-!,  he  Vv'as  most  fond  of,  but  sti  lied  whnt  he  was  t-  !•: 
.-indy. 

At  tne  age  of  fourteen  he  v^.i.  examin-'d  and  was  ad-.«'    <  •■ 
t(»  Vale  College,  but  owinji  to  feeble  heaitli  he   v.  'it id    •: 

*   An  extract  from  a   uiemorin!   address   ,  -cparcu   ny   i'rnfcsnor  H.  A    *. 
•1  delivered  in  Osborne  n.'ll  April   ^^.  i8i»0,  at  the  rccjucst  «  <"  «'      ^M      ■■'.  .-      •  ■  ' 
i  'trll.-ws  of  Vale  T,'niversiiv, 
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PROFESSOR  ELIAS  LOOMIS.* 


Elias  Loomis  was  bom  in  the  little  hamlet  of  Willington, 
Conn.,  August  7th,  1811.  His  father,  the  Rev.  Hubbell 
Loomis,  was  pastor  in  that  country  parish  from  1804  to 
1828.  He  was  a  man  possessed  of  considerable  scholarship, 
of  positive  convictions,  and  of  a  willingness  to  follow  at  all 
hazards  wherever  truth  and  duty,  as  he  conceived  them, 
might  lead.  He  had  studied  at  Union  College,  in  the  class  of 
1799,  though  apparently  he  did  not  finish  the  college  course 
with  his  class.  He  is  enrolled  with  that  class  in  Union  Col- 
lege, and  he  also  received,  in  1812,  the  honorary  degree  of 
Master  of  Arts  from  Yale  College.  At  a  later  date  he  went 
to  Illinois,  and  there  was  instrumental  in  founding  the  insti- 
tution which  afterwards  became  ShurtleflF  College. 

Although  the  boy  inherited  from  his  father  a  mathematical 
taste,  yet  his  love  for  the  languages  also  was  shown  at  a 
very  early  age.  At  an  age  at  which  many  bright  boys  are 
still  struggling  with  the  reading  of  English,  he  is  reported 
to  have  been  reading  with  ease  the  New  Testament  in  the 
original  Greek.  He  prepared  for  college  almost  entirely  un- 
der the  instruction  of  his  father.  He  was,  for  a  single  win- 
ter only,  at  the  Academy  at  Monson,  Mass.  Owing  in  part 
to  feeble  health  he  was  more  disposed,  in  those  early  years, 
to  keep  to  his  books  than  to  roam  with  other  boys  over  the 
Willington  hills.  In  his  later  life  he  frequently  said  that  in 
his  early  days  he  never  had  a  thought  of  asking  what  sub- 
jects he  was  most  fond  of,  but  studied  what  he  was  told  to 
study. 

At  the  age  of  fourteen  he  was  examined  and  was  admitted 
to  Yale  College,  but  owing  to  feeble  health  he  waited  an- 

*  An  extract  from  a  memorial  address  prepared  by  Professor  H.  A.  Newton 
and  delivered  in  Osborne  Hall  April  11,  1890,  at  the  request  of  the  President  and 
Fdlows  of  Yale  UniTersity. 
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other  year  before  actually  enteritiK  a  class.  In  college  he  ap- 
pears to  have  been  about  equally  proficient  in  all  of  the 
studies,  taking  good  rank  as  a  scholar,  and  maintatning  it 
through  his  college  course.  President  Porter  remembers 
well  the  retiring  demeanor  of  the  young  studeut.  and  h« 
concise  and  often  monosj'llahic  expressions,  peculiarities 
which  he  retained  through  life.  During  his  Junior  and  Sen- 
ior years  he  roomed  with  Alfred  E.  Perkins,  whose  bequest 
was  the  first  large  endowment  of  the  College  Librar>'-  He 
graduated  in  1830. 

A  few  weeks  Iwfore  graduation  he  left  New  Haven  and  en- 
tered a  school,  Mount  Hope  Institute  near  Baltimore,  to 
teach  mathematics,  and  he  remained  there  for  a  year  and  a 
term.  One  of  his  classmates,  the  late  Mr.  Cone  of  Hartfordi 
said  that  Mr.  Loomis  had  intended  to  spend  his  life  in  tei 
ing,  and  that  it  surprised  him  when  he  heard  that  ihia  ] 
pose  was  abandoned  and  that  Mr,  Loomis  had  gone,  ; 
Autumn  of  1831 ,  to  the  Andover  Theological  Seminarj-  y 
the  distinct  expectation  of  becoming  a  preacher.  This! 
purpose  was.  however,  again  changed  whcti  a  j'ear  latq 
was  appointed  Tutor  in  Yale  College.  A  vacancy  in  the  To* '  i 
torship  occurred  in  the  May  following  (1833)  and  while  not 
yet  twenty -two  years  of  age  he  returned  to  New  Haven  and 
entered  upon  the  duties  of  the  office.  Here  he  remained  for 
three  years  and  one  term.  In  the  spring  of  1836  he  received 
the  appointment  to  the  chair  of  Mathematics  and  Natural 
Philosophy  in  Western  Reserve  College,  at  Hudson.  Ohio. 
He  was  allowed  to  spend  the  first  year  in  Europe.  He  was 
therefore,  during  the  larger  part  of  the  year  1836-7,  in  Pftris 
attending  the  lectures  of  Biot,  Poisson,  Arago,  Dnlong,  Pott- 
illet  and  others.  He  did  not  visit  Germany  because  of  want 
of  money.  A  long  series  of  letters  written  by  him  at  this 
time  appeared  in  the  Ohio  Observer,  and  the  contrast  be- 
tween England  and  France  as  he  saw  them,  and  the  same 
places  as  seen  by  the  tourist  to-day  is  decidedly  interesting. 

He  purchased  in  Ix)ndon  and  Paris  apparatus  for  his  pro- 
fessorship, and  the  outfit  for  a  small  Observatory,  and  in  the 
Autumn  of  1837  began  his  labors  at  Hudson.  Here  he  re- 
mained for  seven  years,  maintaining  with  unflagging  perse- 
verance both  his  work  in  teaching  and  his  scientific  labors. 
In  jadging  of  this  work  at  Hudson  we  must  remember  t\aX 
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he  was  not  with  perfect  stirroundings.  He  was  without  an 
assistant  and  without  the  cotinsel  and  encouragement  of  as- 
sociates in  his  own  branches  of  science.  The  financial  troub- 
les which  culminated  in  this  country  in  1 837  were  peculiarly 
severe  upon  the  young  and  struggling  College.  Money  was 
almost  unknown  in  business  circles  in  Ohio,  trade  being  al- 
most entirely  in  barter.  In  this  way  principally  was  paid  so 
much  of  the  promised  salary  of  $600  per  annum  as  was  not 
in  arrears.  In  one  of  his  letters  he  congratulates  himself 
that  all  of  his  bills  that  were  more  than  two  years  old  had 
been  paid.  In  another  he  says  that  there  was  not  enough 
mone3'  in  the  College  treasury  to  take  him  out  of  the  state. 
When  he  left  Hudson  the  College  oflFered  to  pay  at  once  the 
arrears  of  his  salary  by  deeding  to  him  some  of  its  unim- 
proved lands. 

In  1844  he  was  offered,  and  he  accepted,  the  office  of  Pro- 
fessor of  Mathematics  and  Natural  Philosophy  in  the  Uni- 
versity of  New  York.  In  this  new  position  he  undertook 
the  preparation  of  a  series  of  text  books  in  the  Mathemat- 
ics, and  for  some  years  a  large  part  of  the  time  which  he 
could  spare  from  his  regular  college  work  was  given  to  the 
the  preparation  of  these  books. 

When  Professor  Henry  resigned  his  professorship  at 
Princeton  in  order  to  accept  the  office  of  Secretary  of  the 
Smithsonian  Institution,  Professor  Loomis  was  offered  the 
vacant  chair.  He  went  to  Princeton  and  remained  there 
during  one  3'ear,  at  the  end  of  which  he  was  induced  to 
return  again  to  his  old  place  in  the  University  of  New  York. 
Here  he  continued  until  1860,  when  he  was  elected  to  the 
Professorship  in  Yale  College  made  vacant  by  the  death  of 
Professor  Olmsted.  For  the  last  twentv-nine  vears  of  his 
life,  he  here  labored  for  the  College  and  for  science,  passing 
away  on  the  15th  of  August,  1889. 

Let  us  look  now  in  succession  at  the  diflferent  lines  of  his 
activity  during  these  fift3'-six  years, — four  here  in  the  tutor- 
ship and  in  Europe ;  seven  at  Hudson,  Ohio ;  sixteen  in  New 
York  City  and  Princeton,  and  twenty-nine  in  New  Haven. 

For  the  first  year  on  returning  from  Andover  to  New 
Haven,  he  was  tutor  in  Latin,  although  it  seems  that  he 
might,  had  he  chosen  it,  have  been  tutor  of  Mathematics. 
I  believe  that  at  the  beginning  his  mind  was  not  yet  definite- 
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ly  turned  towards  the  exact  sciences.  In  his  childhood  he 
had  taken  specially  to  Greek.  In  college  he  was  equally  pro- 
ficient in  all  of  bis  studies.  He  is  represented  to  have  led  his 
class  at  Andover  in  Hebrew,  and  now  on  entering  the  tutor- 
ship he  chose  to  teach  the  Latin  language  and  literature. 
During  the  second  year  he  taught  Mathematics,  and  the 
third  year  Natural  Philosophy.  His  later  success  in  scien- 
tific work  was,  I  believe,  in  no  small  measure  due  to  his  ear- 
lier broad  and  thorough  study  of  language. 

I  have  made  some  inquiry  in  order  to  learn  what  it  was 
that  turned  his  attention  and  tastes  towards  science.  Oneof 
his  colleagues  in  the  tutorship,  the  Rev.  Dr.  Davenport,  says 
that  he  recolleets  verj-  distinctly  the  first  indication  to  his 
own  mind  that  Tutor  Loomis  was  turning  his  thoughts  in 
this  direction.  The  great  meteoric  shower  of  1833  came 
early  in  the  period  of  his  tutorship,  and  the  views  of  Pro- 
fessor Twining  and  Professor  Olmstead  about  the  astro- 
nomical character  and  origin  of  these  interesting  and  mys- 
terious bodies  were  a  common  topic  of  conversation  among 
scientific  men  in  the  College,  especially  wherever  Professor 
Oln.sted  was  present.  The  tutors  were  accustomed  to  meet 
as  a  club  from  time  to  time  in  the  tutors'  rooms  in  turn,  and 
Dr.  Davenport  well  recollects  the  occasion  when  Tutor 
Loomis  brought  in  a  globe  and  discussed  before  the  club  the 
new  theories  about  these  bodies.  Up  to  this  time  Tutor 
Loomis  had  seemed  to  him  to  have  given  his  thoughts  and 
study  to  language  rather  than  to  science. 

In  January,  1834-,  there  were  constituted  in  the  Connecti- 
cut Academy  of  Arts  and  Sciences  twelve  committees  repre- 
senting the  several  departments  of  knowledge,  and  Tutor 
Loomis  was  put  on  the  Committee  on  Mathematics  and 
Natural  Philosophy.  These  are  the  only  signs  of  scientific 
taste  or  activity  which  I  have  detected  earlier  than  the  au- 
tumn of  1834,  after  he  had  been  a  year  and  a  terra  in  the 
tutorship.  From  this  time  on  to  the  end  of  his  life,  he  gave 
bis  time  and  energies  to  several  subjects  that  are  enough  dis- 
tinct one  from  the  other  to  make  it  convenient  to  disregard 
a  strictly  chronological  account  of  his  labors,  and  consider 
his  work  in  each  subject  by  itself. 

A  subject  of  which  he  early  undertook  the  iovestigalton 
was  Terrestrial  Magnetism.    We  often  use  the  rhetorical 
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phrase,  **  True  as  the  needle  to  the  pole/'  but  looked  at  care- 
fully, the  magnetic  needle  is  anything  but  constant  in  direc- 
tion ;  like  the  weather  vane  on  the  steeple,  it  is  ever  in  mo- 
tion, swinging  back  and  forth,  in  motions  minute  and  slow, 
it  is  true,  but  still  always  swinging.  It  has  fitfully  irregular 
motions; — it  has  motions  with  a  daily  period; — motions 
with  an  annual  period ;  and  motions  whose  oscillations  re- 
quire centuries  for  completion. 

Thedai/y'  motions  of  the  magnetic  needle  were  those  which 
Tutor  Loomis  first  studied.  At  the  beginning  of  the  second 
year  of  his  tutorship  he  set  up  by  the  north  window  of  his 
room  in  North  College  a  heavy  wooden  block,  and  on  it  the 
variation  compass  that  belongs  to  the  College.  Here  for 
over  thirteen  months  he  observed  the  position  of  the  needle 
at  hourly  intervals  in  the  daytime,  his  observations  usually 
being  for  seventeen  successive  hours  of  each  day. 

The  results  of  these  observations,  together  with  a  special 
discussion  of  the  extraordinary  cases  of  disturbance,  were 
published  in  the  American  Journal  of  Science  in  1836.  No 
similar  observations  of  the  kind  made  in  this  countrv  had  at 
that  time  been  published.  So  far  as  I  am  aware  none  made 
before  1834  have  since  been  published,  except  ten  days'  ob- 
servations made  by  Professor  Bache  in  1832.  In  fact,  I 
know  of  only  two  like  series  of  hourly  observations  made  in 
Europe  earlier  than  those  by  Tutor  Loomis.  He  also  at  this 
time  formed  the  purpose  of  collecting  all  the  observations  of 
magnetic  declination  that  had  been  hitherto  made  in  the 
United  States,  and  of  constructing  from  them  a  magnetic 
chart  of  the  countr3\  He  appealed  successfully  to  the  Con- 
necticut Academy  of  Arts  and  Sciences  for  its  sympathy  and 
aid.  The  work  of  collecting  facts  was  so  far  advanced  be- 
fore leaving  New  Haven  that  when  he  had  been  a  few 
months  Professor  at  Hudson  he  forwarded  to  the  American 
Journal  of  Science  a  discussion  of  the  observations  thus  far 
obtained,  and  with  them  a  map  of  the  United  States,  with 
the  lines  of  equal  deviation  of  the  needle  drawn  upon  it. 
Two  years  later  he  published  additional  observations  and  a 
revised  edition  of  this  map. 

These  were  the  first  published  magnetic  charts  of  the 
United  States,  and  though  the  materials  for  their  construc- 
tion w^ere  not  numerous,  and  in  manv  cases  those  obtainable 
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were  not  entirely  trustworthy,  yet  sixteen  years  later,  when 
a  map  was  made  by  the  United  States  Coast  survey  from 
later  and  more  numerous  data  Professor  Bache  declared 
that  between  his  own  new  map  and  that  of  Professor 
Loomis,  when  proper  allowance  had  been  made  for  the  sec- 
ular changes,  the  ''agreement  was  remarkable.^* 

The  northern  end  of  a  perfectly  balanced  magnetic  needle 
turns  downward,  and  the  angle  it  makes  with  the  horizon  is 
called  the  magnetic  dip.  This  angle  is  an  important  one,  and 
is  observed  with  accurac^'^  onh'^  by  using  an  expensive  instru- 
ment, and  taking  unusual  pains  in  observing.  Hence  onh* 
a  few  observations  of  this  element  were  found  bv  Professor 
Loomis.  From  these,  however,  he  ventured  to  put  on  his 
first  magnet  map  a  few  Knes  that  exhibited  the  amount  of 
the  dip. 

While  he  was  in  Europe  he  purchased  a  first  class  dipping 
needle,  for  Western  Reserve  College,  and  at  Hudson  and  the 
neighborhood  in  term  time,  and  at  other  places  in  vacation, 
he  made  observations  with  this  needle.  Some  of  these  ob- 
servations were  made  before  his  second  magnetic  chart  was 
published,  and  upon  this  map  were  now  given  tolerably 
good  positions  of  the  lines  of  equal  magnetic  dip.  But  he 
continued  his  observations  for  several  3'ears,  determining 
the  dip  at  over  seventy  stations,  spread  over  thirteen  states, 
each  determination  being  the  mean  of  from  160  to  over 
4,000  readings.  These  observations  were  published  in  sev- 
eral successive  papers  in  the  transactions  of  the  American 
Philosophical  Society  at  Philadelphia. 

Various  papers  on  terrestrial  magnetism,  in  continuation 
of  his  earlier  investigations,  appeared  in  1842,  in  1844,  in 
1847,  and  in  1859,  but  movements  in  Germany,  England 
and  Russia  had  meanwhile  been  inaugurated  which  led  to 
the  establishment  by  governments  of  a  score  of  well 
equipped  magnetic  observatories,  and  this  subject  passed 
largely  out  of  private  hands. 

Closeh'  connected  with  terrestrial  magnetism,  and  to  be 
considered  with  it,  is  the  Aurora  Borealis.  In  the  week  that 
covered  the  end  of  August  and  the  beginning  of  September, 
1859,  there  occurred  an  exceedingh'  brilliant  display  of  the 
Northern  lights.  Believing  that  an  exhaustive  discussion  of 
a  single  aurora  promised  to  do  more  for  the  promotion  of 
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science  than  an  imperfect  study  of  an  indefinite  number  of 
them,  Professor  Loomis  undertook  at  once  to  collect  and  to 
collate  accounts  of  this  display.  A  large  number  of  such  ac- 
counts were  secured  from  North  America,  from  Europe,  from 
Asia,  and  from  places  in  the  Southern  Hemisphere;  es- 
pecially all  the  reports  from  the  Smithsonian  observers  and 
correspondents,  were  placed  in  his  hands  b\'  the  Secretary, 
Professor  Henry. 

These  observations  and  the  discussions  of  them  were  given 
to  the  public  during  the  following  two  years,  in  a  series  of 
nine  papers  in  the  American  Journal  of  Science. 

Few,  if  any,  display's  on  record  were  as  remarkable  as  was 
this  one  for  brilliancy  or  for  geographical  extent.  Certainly 
about  no  aurora  have  there  been  collected  so  manv  facts. 
The  displaj'  continued  for  a  week.  The  luminous  region  en- 
tirely encircled  the  North  Pole  of  the  earth.  It  extended  on 
this  continent  on  the  2d  of  September  as  far  south  as  Cuba, 
and  to  an  unknown  distance  to  the  north.  In  altitude  the 
bases  of  the  columns  of  light  were  about  fifty  miles  above 
the  earth's  surface,  and  the  streamers  shot  up  at  times  to  a 
height  of  five  hundred  miles.  Thus  over  a  broad  belt  on 
both  continents  this  large  region  above  the  lower  atmos- 
phere was  filled  with  masses  of  luminous  material.  A  dis- 
pla3'  similar  to  this,  and  possibly  of  equal  brilliancy,  was 
at  the  same  time  witnessed  in  the  Southern  Hemisphere. 

The  nine  papers  were  mainly  devoted  to  the  statements  of 
obser\'ers.  Professor  Loomis,  however,  went  on  to  collect 
facts  about  other  auroras,  and  to  make  inductinos  from  the 
whole  of  the  material  thus  brought  together.  He  showed 
that  there  was  good  reason  for  believing  that  not  onh'  was 
this  display  represented  by  a  corresponding  one  in  the 
Southern  Hemisphere,  but  that  all  remarkable  displays  in 
either  hemisphere  are  accompanied  b^"  corresponding  ones  in 
the  other. 

He  showed  also  that  all  the  principal  phenomena  of  elec- 
tricity were  developed  during  the  auroral  displa3^  of  1859; 
that  light  was  developed  in  passing  from  one  conductor  to 
another,  that  heat  in  poor  conductors,  that  the  peculiar  elec- 
tric shock  to  the  animal  system,  the  excitement  of  magnet- 
ism in  irons,  the  deflection  of  the  magnetic  needle,  the  decom- 
position of  chemical  solutions,  each  and  all  were  produced 


•These'"""     .Vio"'*        I  ■. ™rtoce     ^'  „„„tK  W"'^.    „  the 
fat  *«"  »"=  "ih  or  so»t>^  ft°"  *  „,  of  WPO- 


(  the 
heO^H 

.BtiOl'^" 


Professor  Elias  Loomis.  249 

odicities  were  allied.  The  connection  of  the  period  of  solar 
spots  with  conjunction  and  opposition  of  certain  planets 
had  been  shown  by  De  La  Rue  and  Stewart.  Professor 
Loomis  undertook  an  exhaustive  examination  of  the  facts 
that  tended  to  confirm  or  refute  the  propositions  that  had 
been  advanced.  He  confirmed  and  added  to  the  conclusions 
of  Messrs.  De  La  Rue  and  Stewart.  He  also  brought  to- 
gether such  facts  as  were  relevant  to  the  question,  and  he 
showed  that  the  regular  diurnal  variations  of  the  magnetic 
needle  were  entirely  independent  of  the  solar  spots,  but  that 
those  disturbances  that  were  excessive  in  amount  were  al- 
most exactly  proportional  to  the  spotted  surface  of  the  sun. 
He  also  showed  that  great  disturbances  of  the  earth's  mag- 
netism are  accompanied  by  unusual  disturbances  on  the 
sun's  surface  on  the  ver3''  day  of  the  storm. 

Various  forms  of  periodicity  in  the  aurora  have  frequently 
been  suggested.  Professor  Loomis,  from  all  available  ac- 
counts of  the  aurora,  was  able  to  show  that  while  in  the  cen- 
ter of  the  zone  of  greatest  auroral  frequency  auroras  might 
be  visible  nearly  every  night,  and  hence  that  periodicity 
could  not  easilv  be  shown  bv  means  of  numbers  of  auroras 
recorded  in  such  places,  ^-et  that  such  periodicity  was  dis- 
tinctly traceable  at  places  where  the  average  number  seen 
was  about  twenty  or  twenty-five  a  year.  The  times  of  max- 
ima and  minima  of  the  solar  spots  were  seen  to  correspond 
in  a  remarkable  manner  with  the  maxima  and  minima  in 
the  frequency  of  auroral  displays  in  these  middle  laritudes. 
Also  from  the  daih^  observations  made  by  Messrs.  Herrick 
and  Bradley  at  New  Haven  during  seventeen  years,  he  con- 
cluded that  auroral  displays  in  the  middle  latitudes  of  Amer- 
ica are  generally  accompanied  by  an  unusual  disturbance  of 
the  sun's  surface  on  the  very  day  of  the  aurora.  The  mag- 
netism of  the  earth,  the  Aurora  Borealis,  and  the  spots  on 
the  sun.  have  thus  all  three  a  causal  connection,  and  appar- 
ently that  connection  is  closely  related  to  the  conjunctions 
and  oppositions  of  certain  planets. 

Shortly  after  the  publication  of  this  memoir,  Professor 
Lovering  published  his  extensive  catalogue  of  auroras.  A 
further  discussion  of  the  periodicity  of  the  auroras  was 
undertaken  by  Professor  Loomis  and  published  in  1873.  In 
this  he  made  use  of  all  the  auroras  recorded  in  Professor 
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Lovering's  catalogue.  They  confirmed  his  previous  conclu- 
sions, only  slight  modifications  being  required  by  the  new 
facts  presented,  and  by  their  more  systematic  collation. 

In  these  papers,  as  in  most  of  his  papers  upon  other  sul> 
jects.  Professor  Loomis  was  ever  intent  upon  answering  the 
questions :  What  are  the  laws  of  nature  ?  What  do  the  phe- 
nomena teach  us?  To  establish  laws  which  had  been  al- 
readv  formulated  bv  others,  but  which  still  needed  confirma- 
tion,  w^as  to  him  equally  important  with  the  formulation 
and  proof  of  laws  entirelj'*  new. 

Let  us  now  turn  to  another  important  line  of  Professor 
Loomis'  work, — Astronomy.  As  I  have  said,  he  was  earlv 
interested  in  the  shooting  stars.  In  October,  1834,  he  read 
a  paper  before  the  Connecticut  Acaclem\^  of  Arts  and  Sciences 
upon  this  subject,  probabh'^  in  substance  that  which  was 
shortly  afterward  published  in  this  Journal.*  The  published 
paper  is  principally  a  restatement  of  the  observations  made 
in  German3^  in  1823  b^'  Brandcs  in  concert  with  his  pupils 
for  determining  the  path  of  the  stars  through  the  atmos- 
phere, together  with  methods  of  computation.  From  the 
results  of  Brandes'  observations,  however,  he  deduces  an 
argument  for  the  cosmic  character  of  the  shooting  stars. 
One  month  after  reading  this  paper  to  the  Connecticut  Acad- 
emy he  engaged  in  similar  concerted  observations  with  Pro- 
fessor Twining,  who  w^as  then  residing  near  West  Point,  N. 
Y.  These  were  onlv  moderatelv  successful,  but  thev  were 
the  first  observations  of  the  kind  undertaken  in  America. 

During  the  senior  3'car  of  his  college  course  there  arrived 
at  New  Haven  the  five-inch  telescope,  given  to  the  college  by 
Mr.  Sheldon  Clark,  constructed  bv  Dolland.  This  instru- 
ment  was  much  larger  than  any  telescope  then  in  the  coun- 
try. It  was  temporarilj'  placed  in  the  Athenaeum  tower, 
where  it  was  mounted  on  castors  and  wheeled  to  the  win- 
dows for  use.  This  temporary  abode  it  occupied,  however, 
for  over  thirt\'  years.  In  spite  of  its  miserable  location  it 
was,  in  the  decade  following  its  installment,  a  power  in  the 
development  of  the  study  of  Astronomy  in  the  college.  The 
lives  and  works  of  Barnard,  and  Loomis,  and  Mason,  and 
Herrick,  and  Lj'man,  and  Chauvenet,  and  Hubbard,  and  of 
other  graduates  of  the  college  prove  this.  W^hat  rich  returns 
for  Mr.  Sheldon  Clark's  twelve-hundred-dollar  investment! 
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In  1835  the  return  of  Halley's  comet  had  been  predicted, 
and  its  appearance  was  eagerly  expected  by  astronomers 
and  the  public :  Professor  Olmstead  and  Tutor  Loomis  first 
in  this  country  caught  sight  of  the  stranger,  and  through- 
out its  course  they  noted  its  physical  appearances.  With 
such  means  as  he  had  at  command  Mr.  Loomis  observed  the 
body's  place,  and  computed  from  his  observations  the  orbit. 

The  latitude  and  longitude  of  an  Observatory  are  con- 
stants to  be  earl}-  determined.  These  were  measured  by 
President  Day  for  Yale  College  in  1811.  In  the  summer  of 
1835  Tutor  Loomis,  with  such  instruments  as  the  College 
possessed,  a  sextant  and  a  small  portable  transit,  made  nu- 
merous observations  of  Polaris  for  latitude,  and  several 
moon  culminations  for  longitude.  From  these  he  computed 
the  latitude  and  longitude  of  the  Athenaeum  tower.  The 
longitude  from  Greenwich,  though  obtained  from  a  small 
number  of  obser\'ations,  differs  less  than  two  seconds  of  time 
from  our  best  determinations  to-day.  While  in  Europe  in 
1836-37  Professor  Loomis,  as  I  have  said,  bought  for  West- 
em  Reserve  College  the  instruments  for  an  Observatory- 
These  were  a  four-inch  equatorial,  a  transit  instrument,  and 
an  astronomical  clock.  On  his  return  he  erected,  in  1837,  a 
small  Observatory  at  Hudson,  and  in  September,  1838, 
began  to  use  the  instruments.  He  had  no  assistant,  and  by 
day  had  a  full  allotment  of  college  work.  Two  hundred  and 
sixty  moon  culminations  and  sixteen  occultations  observed 
for  longitude,  sixty -nine  culminations  of  Polaris  for  latitude, 
along  with  observations  on  five  comets,  suflSciently  extended 
for  a  computation  of  their  orbits ;  these  attested  his  activity 
outside  of  his  required  duties.  Some  years  later,  when  the 
corresponding  European  observations  were  made  public,  he 
prepared  an  elaborate  discussion  of  these  longitude  observ- 
ations, and  published  it  in  Gould's  Astronomical  Journal. 
A  sixth  comet  was  observed  by  him  at  Hudson  in  1850. 

It  may  not  seem  a  ver\'  large  output  of  work  in  six  j'ears' 
time  to  have  determined  the  location  of  the  observatorv, 
and  to  have  observed  five  comets.  But  we  must  recollect 
that  the  telegraph  had  not  then  been  invented,  that  the  ex- 
act determination  of  the  longitude  of  a  single  point  in  the 
Western  countrj'  had  a  higher  value  then  than  it  can  have 
now,  and  that  it  could  be  obtained  onlv  bv  slow  and  tedious 
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methods.  These  were,  moreover,  days  of  small  things  in  as- 
tronomy in  this  country.  At  Yale  College  wc  had  a  telescope 
but  not  an  Observatory.  At  Williamstown  an  Observatoi^ 
had  been  constructed,  but  it  was  used  fur  instruction, 
for  original  work.  At  Washington  Lieutenant  Gilltss,  and  a 
Dorchester  Mr.  Bond,  were  commissioned  by  the  govemmenfl 
in  1838  to  observe  moon  culminations  in  oorrespondeuce 
with  the  observers  in  the  Wilkes  exploring  expedition  for  de- 
termining their  longitude.  These  two  prospective  sets  of  ob- 
servations, both  of  them  under  government  auspices  and 
pay,  were  the  only  signs  of  systematic  astronomical  activity 
in  the  United  States  outside  of  Hudson,  when  in  1838  Pro-^ 
fessor  Loomis  began  his  obser\nng  there. 

In  his  Inaugural  Address  he  asks:  "Where  now 
our  American  Observatory?  Where  throughout  this 
and  powerful  nation  do  you  find  a  single  spot  where  as- 
tronomical observations  are  regularly  and  sj'Stematically 
made?  There  is  no  such  spot."  When  he  left  Hudson  in 
1844'  the  situation  was  not  largely  clianged.  Mr.  Bond  had  . 
removed  his  instruments  and  work  to  Cambridge.  The  HigH  I 
School  Observatory  at  Philadelphia  had  been  erected  and  f 
Messrs,  Walker  and  Kendall  were  using  its  instruments.  3 
Professor  Bartlctt  had  built  the  Observatorj-  at  West  Pointy  J 
and  had  begun  to  observe  there.  Lieut.  GilHss,  after  years  of  J 
excellent  work  in  the  little  establishment  on  Capitol  HiU,f 
had  just  finished  the  present  Naval  Observatory  building  at! 
Washington.  Professor  Mitchel  had  begun  to  build  the  Ciii-.4 
cinnati  Observatory,  and  the  Georgetown  Observatory  a 
building  had  been  erected.  Professor  Lnomis's  work  atl 
Hudson  should  be  measured  by  what  others  were  doing  at.l 
the  time,  rather  than  by  the  larger  performance  of  to-day. 

In  the  summer  of  1844-,  the  year  in  which  Professor  Loom^ 
is  came  to  New  York,  a  new  method  in  astronomy  had  it( 
first  beginnings.    The  telegraph  line  had  just  been  built  1 
twecn  Baltimore  and  Washington,  and  Capt.  Wilkes  at  Bal 
timore  compared  his  chronometer  by  telegraph  with  < 
Washington,  and  so  determined  the  difference  of  longitude  (j 
the  two  places. 

Professor  Bache  was  now  Superintendent  of  the  Coaj 
Survey,  and  he  determined  at  once  to  use  the  new  method 
for  the  purposes  of  the  sur\-ey.    To  Mr.  Scars  C,  Walker 
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was  committed  the  direction  of  the  work,  but  scarcely  less 
important  were  the  services  of  Professor  Loomis,  who  for 
three  campaigns  had  charge  of  the  end  of  the  lines  in  Jersey 
City  and  New  York.  Their  first  partially  successful  efforts 
were  made  in  1846,  but  the  practical  difficulties  were  over- 
come and  entire  success  was  obtained  by  them  in  1847  and 
1848.  In  these  years  the  differences  of  longitude  of  Wash- 
ington, Philadelphia,  New  York  and  Cambridge  were  thus 
determined  with  an  accuracy  far  greater  than  any  previous 
similar  determination  whatsoever. 

The  next  summer,  that  of  1849,  Professor  Loomis  assisted 
in  a  like  work  to  connect  Hudson,  Ohio,  with  the  eastern 
stations.  His  observations  of  moon  culminations  at  Hud- 
son were  thus  available  equally  with  those  made  at  Phila- 
delphia, Washington,  Dorchester  and  Cambridge  for  deter- 
mining the  absolute  longitudes  of  Atlantic  stations  from 
Greenwich.  It  was  not  until  1852  that  European  astron- 
omers began  to  use  these  telegraphic  measuring  longitudes. 

In  1850  Professor  Loomis  published  a  volume  on  the  Re- 
cent Progress  of  Astronomy,  especially  in  the  United  States, 
A  first  and  a  second  edition  were  soon  exhausted, 
and  in  1856  the  volume  was  entirely  rewritten  and  very 
much  enlarged.  Some  of  the  topics  in  these  volumes  were 
the  subjects  of  articles  communicated  from  time  to  time  to 
the  public  in  this  Journal,  Harper's  Magazine,  and  other 
periodicals.  Another  important  contribution  to  astronomy 
appeared  in  1856,  that  is,  his  Introduction  to  Practical  As- 
tronomy, Eminent  astronomers  in  England  and  America 
have  expressed  in  the  highest  terms  their  praise  of  this  book. 
Though  it  is  now  thirty-five  years  since  its  first  appearance, 
and  many  treatises  on  the  same  subject,  some  elaborate  and 
some  elementary,  have  since  been  published,  yet  for  an  intro- 
duction to  practical  work  I  believe  that  a  student  will  find 
this  volume  better  than  any  other  for  his  uses  at  the  begin- 
ning of  his  course. 

The  increase  of  our  knowledge  in  Astronomy  was,  from 
first  to  last,  an  object  of  special  interest  to  Professor  Loom- 
is. Before  he  left  New  York  the  income  from  his  text-books 
enabled  him  to  make  to  Yale  College  the  generous  offer  of 
coming  to  New  Haven  and  working  in  an  Observatory  at  his 
own  charges,  pro  vided  a  suitable  Observatory  should  be  con- 
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stmcted  and  equipped  for  him.  Unfortunately,  the  college 
was  not  able,  although  it  was  greatly  desirous  of  doing  it. 
to  avail  itself  of  his  generous  offer.  Near  the  same  time  he 
joined  with  public-spirited  citizens  of  New  York  in  an  effort 
to  establish  an  astronomical  Observatory  in  or  near  that 
city,  and  for  that  purpose  an  act  of  incorporation  was  ob-J 
tained  from  the  New  York  State  Legislature.  After  coming) 
to  New  Haven,  he  always  took  the  warmest  interest  in  tlM 
plans  of  Mr.  Winchester  for  the  establishment  of  an  Observa- 
tory in  connection  with  Yale  University.  His  counsel  and 
assistance  have  been  instrumental,  more  than  the  public 
could  know,  in  producing  and  preserving  whatever  of  vnltl^  J 
has  been  developed  in  that  Observatorj-. 


PHOTOGRAPHS  OF  THE  SURFACE  OF  MARS. 


\VM.    H.    I'ICKKBISn. 
For  TiiH  Mksdbncbk. 

A  box  of  photographs  has  recently  be*n  received  from  iMivfi 
Wilson,  and  contains  among  other  things  a  number  of  nega<|~ 
tives  of  the  planetMars.  Seven  views  were  taken  April  9,be<fl 
tween  22''  56"'  and  23''  41"',  Greenwich  mean  time.      ScTOi 
more  were   taken  April  10,  between  23''  20'"  and  23'"  31^J^ 
Thus  the  same  face  of  the  planet  was  presented  in  both  cast 
Distinct  and  identifiable  spots  and  markings  are  well  showitl 
in  all  the  pictures,  but  in  those  taken  on  the  latter  date  a 
considerable  accession  is  shown  to  the  white  spot  surroui 
ing  the  south  pole.    It  has  been  known  for  years  that  tin 
size  of  these  polar  spots  varied  gradually  from  time  to  tini 
apparently  diminishing  in  the  summer,  and  increasing  in  t 
winter  of  their    respective  hemispheres.    But  I  lielieve  thaC^ 
this  is  the  first  time  that  the  precise  date,  and  approximate 
extent  of  one  of  these  accessions  has  been   observed.     The 
area    affected    stretches   from    the  terminator,   which   at 
this  time  was  in  long.  70%  along  parallel  —  30°  to  longitudi 
110°,  thence  to  longitude  145°.  latitude  —  45° ;  thence  to  t 
limb  which  was  in  latitude  — 85°  an  the  120°  meridian,  and: 
thence  back  to  the  point  of  starting.    It  may  thus  extend. 
also  over  an  unknown  area  on  what  was  at  that  time  tbe] 
invisible  hemisphere  of  the  planet.    The  visible  area  incladi 
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is  surprisingly  large,  amounting  to  about  2,500,000  square 
miles  or  somewhat  less  than  the  area  of  the  United 
States.  Being  near  the  limb,  however,  it  is  not  as  conspic- 
uous as  might  at  first  sight  be  supposed.  On  the  morning 
of  April  9,  the  area  was  faintly  marked  out  as  if  pervaded 
by  haze,  or  by  small  separated  bodies,  too  small  and  far 
apart,  or  too  faint  to  be  recognized  individually.  But  on 
April  10  the  whole  region  was  brilliant,  fully  equaling  that 
surrounding  the  north  pole.  In  the  mean  time  a  much  small- 
er area  on  the  limb  which  on  the  9th  was  very  bright  had 
either  vanished  or  joined  the  main  mass,  by  moving  east- 
wardly,  as  we   should   say,  considering  Mars  as  a  globe. 

The  date  of  these  events  corresponds  to  the  end  of  the 
winter  season  on  the  southern  hemisphere  of  Mars,  or  what 
would  be  with  us  about  the  middle  of  February.  The  nu- 
merical data  given  above  are  founded  on  the  extremely 
useful  tables  published  by  Mr.  Marth  in  the  Monthly 
Notices. 

As  to  what  these  observations  mean,  might  most  natur- 
ally be  explained  by  terrestrial  analogies,  but  be  that  as  it 
may,  the  facts  are  that  these  appearances  are  conspicuous 
upon  each  of  the  fourteen  photographs,  and  so  distinctly  so, 
that  no  one  who  had  once  seen  them  would  hesitate  an  in- 
stant in  deciding  on  which  day  any  particular  plate  was 
taken. 


ON  THE  REVERSED    CURVATURE  OF  THE  SHADOW    ON  SAT- 
URN'S   RINGS. 


ALDRO  JEXKS. 
For  The  Mbssenger. 

On  the  evening  of  April  25th,  1889,  at  about  8:30  p.  m.,  I 
was  examining  Saturn  with  a  power  of  about  180  on  a  4V&- 
inch  achromatic  by  Brashear,  when,  much  to  my  surprise,  I 
found  the  shadow  of  the  globe  on  the  rings  curved  the 
wrong  way,  i.  e.  from  the  globe,  as  shown  in  the  following 
drawing,  **Fig.  I." 

Thinking  m}.'  ej'es  might  be  deceiving  me  I  called  my  wife, 
and  without  telling  her  what  I  had  seen,  requested  her  to 
describe  the  shape  of  the  shadow.  She  described  the  shadow 
as  having  its  right  hand  edge  curved  away  from  the  planet. 
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I  wrote  to  Professor  Cotnstock  of  the  Washburn  Observa- 
tory about  it,  and  was  informed  by  him  that  while  my 
observation  of  Saturn  was  unusual,  it  was  far  from  being 
unprecedented ;  that  the  same  appearance  was  obsen-ed  in 
1875  with  the  26-inch  achromatic  at  Washington,  and 
that  Webb,  in  "Celestial  Objects  for  Common  Telescopes." 
says:  "The  outline  of  this  shadow  has  often  been  found 
curved  the  wrong  way  for  its  perspective."  Professor  Corn- 
stock  also  adds,  "I  do  not  know  that  any  satisfactory  ex. 
planation  for  this  anomaly  has  ever  been  given," 


In  seeking  the  cause  of  this  phenomenon  the  first  explana- 
tion which  presents  itself  is,  that  it  is  due  to  some  persoi 
idiosyncrasy,  or  peculiarity   of  vision  of  the  observer; 
when  several  observers  see  the  same  appearance,  and 
without  previous  intimation  of  what  they  are  expected 
see,  it  would  seem  to  exclude  that  source  of  error. 

As  several  eye-pieces  were  used  it  could  not  arise  from  dis- 
tortion produced  by  the  eye-piece.  The  objective  is  an  excel- 
lent one,  and  has  never  shown  any  distortion  of  an  object; 
besides,  the  same  appearance  has  been  seen  through  tele- 
scopes of  the  highest  excellence. 

It  might  be  thought  to  be  due  to  atmospheric  causes,  but 
it  is  not  to  be  supposed  that  on  even,'  occasion  when  tliis 
appearance  has  been  observed,  the  shadow  oaly  would 
distorted  by  atmospheric  causes. 

Excluding  these  sources  of  error,  we  are  forced  to  the 
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elusion  that  the  eause  of  this  phenomenon  must  be  sought 
in  some  physical  peculiarity  of  the  ring  sj'stem  itself. 

Long  ago,  Secchi  pointed  out  that  a  reversed  curvature  of 
the  shadow  would  result  from  a  slight  convexity  in  the  ring. 
This  is  easily  verified.  With  a  lamp,  globe  and  paper  rings  a 
little  experiment  will  satisfy  anyone  that  when  the  portion 
of  the  ring  on  which  the  shadow  falls  is  made  convex,  a  re- 
versed curvature  of  the  shadow  alwaj's  ensues,  placing  the 
eye  and  lamp  in  the  same  position  relatively  to  the  globe 
and  ring  that  the  earth  and  sun  occupy  to  Saturn ;  and  we 
also  find,  there  is  no  other  shape  which  can  be  given  to  the 
ring  that  will  produce  this  effect. 

We  seem  justified,  then,  in  assuming  that  this  appearance 
is  jwroduced  by  such  a  shape  of  the  rings.  This,  however,  is 
not  satisfactory.  The  real  question  arises,  what  is  the  ex- 
planation of  that  explanation?  It  is  evident  the  surface  of 
the  ring  cannot  be  permanently  convex,  because,  in  that 
event,  the  shadow  would  always  be  found  curved  the  wrong 
way ;  nor  can  any  portion  of  the  ring  be  permanently  con 
vex,  or  we  should  have  this  appearance  at  every  revolution 
of  the  ring,  and  as  the  ring  revolves  in  a  little  over  ten  and 
one  half  hours,  it  could  be  seen  at  some  time  on  every  clear 
night. 

It  is  now  known  that  Saturn's  rings  consist  of  countless 
independent  meteors,  moving  each  in  its  own  orbit  about 
the  planet.  The  so-called  crape  ring  consists  of  just  such 
meteors,  but  their  number  is  not  great  enough  to  arrest 
all  the  light  and  reflect  it  back  to  the  eye  of  the  observer,  as 
in  the  two  outer  ones. 

W^e  then  have  this  case,  that,  when  the  meteors  are 
crowded  together  sufficiently  they  reflect  the  light  so  as  to 
present  the  appearance  of  a  solid,  continuous  body ;  but, 
when  they  are  less  numerous,  as  in  the  crape  ring,  they  re- 
flect less  and  still  less  light  as  their  numbers  decrease,  up  to 
the  point  of  invisibility. 

We  know  that  there  are  in  the  solar  system  myriads  of 
meteors  aggregated  into  shoals,  each  separate  shoal  pur- 
suing its  course  in  its  own  orbit  around  the  sun,  being  held 
there  by  the  universal  law  of  gravitation.  The  attractive 
power  of  gravitation,  however,  does  not  reside  in  the  sun 
alone,  but,  it  is  conceivable  that  shoals  of  meteors  might 
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revolve  about  a  planet,  and  be  held  in  their  orbits  by  the  at- 
traction of  its  mass. 

Now  let  lis  suppose  there  are  revoh-ing  around  Saturn  in 
about  the  same  plane  as  its  rings,  but  independently  of  them, 
several  shoals  of  meteors  having  one  common  point  of 
their  orbits  immediately  over  the  center  of  the  rings,  but 
spreading  out  to  about  the  same  width  as  the  rings  and 
being  more  numerous  at  the  center  than  at  either  edge,  and 
also  having  various  periods  of  revolution  in  their  orbits. 

Such  a  system  as  is  supposed  would  be  represented  in 
figure  two ;  in  which  S  would  represent  Saturn,  R  the  rings, 
and  1,  2,  3,  4,  and  5  the  orbits  of  several  shoals  of  meteor- 
ites. 


When  these  several  shoals  of  meteors  were  at  this  com- 
mon point  of  their  orbits  at  the  same  time,  they  would  be  so 
crowded  together  as  to  reflect  the  light  from  immediately 
over  the  center  of  the  rings,  and  from  a  higher  plane,  buti 
growing  thinner  towards  each  edge  more  and  still  more  of" 
the  light  would  be  reflected  from  a  lower  level,  passing  from 
the  center  towards  each  edge,  and  thus  produce  the  appear- 
ance of  a  convex  surface ;  and,  if  that  point  happened  to  fall 
under  the  shadow  at  such  a  time,  a  reversed  curvature  of 
the  shadow  would  be  the  result. 
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Moving  with  diflFerent  degrees  of  velocity  in  their  several 
orbits  the^"  would  soon  be  scattered  out  so  as  no  longer  to 
reflect  the  light  in  appreciable  quantities,  and  the  rings 
would  again  present  their  normal  appearance. 

No  matter  what  the  orbits  or  velocity  of  these  shoals  of 
meteors  might  be,  they  must  all  at  regularh-  recurring  in- 
tervals return  to  this  common  point.  For  illustration,  sup- 
pose there  are  five  such  shoals,  revolving  in  their  respective 
orbits  in  periods  of  1,  2,3,  4,  and  5  days;  at  the  end  of  sixty 
da\'S  the3''  would  all  be  in  conjuction  again  at  this  common 
point.  If  this  point  did  not  also  at  that  time  fall  under  the 
shadow  it  would  not  be  percepitble  to  us  (except  at  those 
rare  intervals  when  the  edge  of  the  ring  is  turned  towards 
us,  when  it  would  be  seen  as  a  bead  of  light),  another  sixty 
days  must  then  ensue,  and  so  on,  until  some  conjuction 
would  be  found  to  fall  under  the  shadow.  But  as  the 
shadow  covers  only  a  small  portion  of  the  rings  it  is  evident 
that  this  condition  could  be  observed  only  at  rare  and  irreg- 
ular intervals. 

If  only  a  portion  of  the  shoals  were  in  conjunction,  sa\'^ 
those  whose  orbits  lay  more  immediateh^  over  ring  B,  then 
the  shadow  might  present  a  notched  appearance  as  has  been 
observed  by  Schroeder,  La  Place,  De  la  Rue  and  Jacob. 

Onh"  two  objections  to  this  h\'pothesis  present  themselves 
CO  my  mind,  neither  of  which,  it  seems  to  me,  is  fatal  to  the 
theor\'.  The  first  is  that  it  would  require  two  sets  of 
shoals,  one  on  each  side  of  the  ring,  as  the  shadow  has  been 
found  thus  curved  on  both  sides  of  the  rings.  When  seen  at 
Washington  in  1875  the  shadow  must  have  been  on  the 
north  side,  and  when  seen  bv  me  it  was  on  the  south  side  of 
the  rings.  According  to  the  nebular  hN'pothesis,  this  ring 
svstem  must  have  been  formed  bv  the  contraction  of  neb- 
ulous  matter  from  a  more  wideh'  diffused  state,  and  the 
lateral  attraction  would  be  towards  the  center,  instead 
of  towards  the  extreme  side  of  the  mass.  This  would  prob- 
ably result  in  leaving  outh'ing  portions  of  meteoric  matter 
on  each  side  of  the  rings. 

The  other  objection  that  might  be  urged  is,  that  the  at- 
traction of  the  rings  would  swerve  these  meteoric  shoals 
from  their  paths,  and  cause  them  to  be  absorbed  into,  and 
become  a  part  of  the  rings.    But  this  objection  would  be  just 
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as  fatal  to  the  theory  that  the  rings  are  composed  of  mete- 
orites, as  it  would  to  the  hypothesis  I  have  proposed.  Grant- 
ing the  force  of  the  objection,  the  process  still  might  be  an 
extremely  slow  one,  like  the  earth  gathering  up  the  meteor- 
ites during  the  November  showers.  It  would  simply  follow 
that  it  is  only  an  existing  phase  of  the  ring  system  we 
observe,  but  that  ** existing  phase"  might  extend  over  many 
thousands  of  years. 

Besides  the  facts  above  mentioned,  this  hypothesis  derives 
some  support  from  the  fact  that  the  divisions  in  the  rings 
have,  at  times,  been  observed  to  be  partially  obliterated; 
and  from  the  further  fact  that  there  is  a  small  percentage  of 
outstanding  perturbations  of  the  inner  satellites  unac- 
counted for. 

Accepting  this  hypothesis,  we  could  account  for  these 
anomalous  appearances  in  a  manner  justified  by  experiment, 
also  for  their  appearance  at  rare  and  irregular  intervals  and 
only  at  such  intervals,  for  the  notched  appearance  the 
shadow  sometimes  presents,  for  the  beads  of  light  some- 
times seen  in  connection  with  the  rings  when  the  edge  is 
turned  towards  us,  and  for  their  non-appearance  at  other 
times  under  similar  circumstances;  in  short,  it  seems  to  me, 
that  this  hj'pothesis  is  competent  to  account  in  a  rational 
manner  for  all  the  observed  phenomena,  while  the  observed 
facts  certainly  call  for  some  explanation. 

It  also  seems  reasonable  to  suppose  that  shoals  of  meteors 
should  abound  in  connection  with  meteoric  rings. 

Why  then  should  we  not  accept  this  hypothesis  until  some 
more  probable  explanation  is  proposed  to  account  for  the 
facts  ? 

DoDGEViLLE,  Wis.,  Dcc.  4th.  1889. 


CELESTIAL  PHENOMENA  EXPLICABLE  BY  METEORS.* 


W.  H.  S.  MONCK. 


Although  I  am  of  the  opinion  that  we  have  no  conclusive 
evidence  of  the  existence  of  meteors  outside  the  limits  of  the 
solar  system,  I  think  it  will  be  conceded  that  their  existence 

*  A  paper  read  before  the  Royal  Dublin  Society  in  January,  1 886. 


Celestial  Phenomena  Explicable  by  Meteors.        261 

is  highly  probable;  and  this  probability  may  be  raised  to 
something  approaching  certainty'  if  we  are  able  to  explain 
by  their  means  phenomena  of  which  no  other  satisfactory' 
explanation  has  been  given.  The  first  phenomenon,  how- 
ever, with  which  I  propose  to  deal  lies  within  the  solar  sys- 
tem, where  we  know  as  a  fact  that  meteors  abound,  and  the 
only  question  is  as  to  the  sufficiency  of  the  proposed  expla- 
nation. I  allude  to  the  shortening  of  the  major  axis  of  the 
orbit  of  Encke's  comet,  which  is  usually  ascribed  to  the 
presence  of  a  resisting  medium.  Now  it  seems  to  me  that 
without  supposing  that  the  ether  offers  any  resistance  to 
motion,  or  that  there  is  a  solar  atmosphere  of  great  tenuitj" 
extending  as  far  as  the  orbit  of  the  Encke's  comet,  this  resist- 
ance may  be  accounted  for  by  the  flights  of  meteors  which 
the  comet  must  encounter  in  the  course  of  its  revolution.  It 
is  true  that  some  of  the  meteors  probably"  overtake  the  com- 
et and  thus  tend  to  accelerate  its  motion,  but  the  comet 
probably  overtakes  an  equal  number,  and  is  thus  retarded 
to  the  same  extent.  So  much  for  the  cases  where  the  comet 
and  the  meteors  are  both  moving  towards  or  from  their  re- 
spective perihelia,  but  the  majority  of  the  collisions  occur 
when  they  are  moving  in  opposite  directions, — the  comet  ap- 
proaching the  sun  and  meteors  receding  from  it,  or  vice 
versa.  Moreover,  the  retardation  is  in  this  case  proportion- 
al to  the  sum  of  the  velocities  of  the  comet  and  of  the  flight 
of  meteors,  while  if  the  same  flight  overtook  the  comet  the 
acceleration  would  be  proportional  to  the  difference  of  the 
velocities,  which  would  usually  be  very  small.  The  total 
effect  of  the  collisions  between  the  comet  and  the  meteors 
must,  therefore,  be  to  retard  the  motion  of  the  comet.  It 
has  been  computed  that  7,500,000  meteors,  on  an  average, 
enter  our  atmosphere  every  da3'.  I  should  be  disposed  to 
make  a  lower  estimate,  but  a  much  lower  one  would  be  suf- 
ficient for  my  purpose.  These  meteors  produce  no  percep- 
tible effect  on  the  earth's  motion,  but  the  result  might  be 
very  different  if  the  earth,  while  occup^'ing  the  same  space  as 
before,  was  reduced  to  one-millionth  part  of  its  weight. 
This  would  assimilate  it  more  nearlv  to  the  condition  of  the 
comet;  and  meteors  are  probably  more  densely  packed  in 
space  as  we  approach  the  sun.  I  have  not  made  any  mathe- 
matical computations  on  the  subject  but  I  think  when  thej" 
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are  made  it  will  be  found  that  the  observed  retardation  of 
Encke's  comet  may  be  accounted  for  by  collision  with  me- 
teors without  increasing  the  number  and  velocity  of  these 
meteors  to  an  incredible  extent. 

Some  time  ago,  in  a  paper  read  before  this  Society',  I 
noticed  the  great  decline  of  light  among  the  fainter  stars, 
and  suggested  as  an  explanation  that  the  ether  absorbs 
light.  I  was  not  aware  at  the  time  that  a  somewhat  simi- 
lar theory  had  been  previously  put  forward  by  the  great  as- 
tronomer Struve.  But  it  has  since  occurred  to  me  that  this 
decline  of  light  in  the  case  of  remote  stars  maj''  be  due  to  the 
interposition  of  flights  of  meteors.  To  show  the  credibility 
of  this  explanation  I  desire  to  call  attention  to  the  great  ex- 
tent of  surface  which  a  body  of  moderate  dimensions  ma\'  be 
made  to  exhibit  b\'  breaking  it  up  into  small  fragments.  To 
take  the  simple  case  of  spheres,  the  solid  contents  of  a  sphere 
is  proportional  to  the  cube  of  the  radius,  while  the  surface  is 
proportional  to  the  square  of  the  radius,  and  therefore  if  we 
could  parcel  out  a  large  sphere  completely  into  small 
spheres,  the  total  extent  of  surface  would  be  enormously 
augmented.  Suppose  the  radius  of  each  small  sphere  to  be 
-^  th  of  that  of  the  large  one  the  number  of  these  spheres 

would  be  n^  and  the  surface  of  each  would  be  -^,  of  that  of 

/I- 

the  large  sphere,  so  that  if  the  small  spheres  w-ere  so  ar- 
ranged that  none  would  be  placed  behind  another  the  total 
surface  would  be  n  times  as  great  as  before.  It  would,  in- 
deed, probably  be  still  greater  because  the  interior  portions 
of  the  large  sphere  would  be  in  a  state  of  great  compression 
while  those  of  the  smaller  spheres  would  not.  It  is  very  pro- 
bable that  the  average  size  of  a  meteor  does  not  exceed  that 
of  a  sphere  with  a  diameter  of  three  inches.  If  the  moon  was 
cut  up  into  such  spheres  its  surface  would  be  multiplied  by 
forty-five  millions,  and  if  the  spheres  were  not  placed  behind 
each  other  they  would  cover  a  portion  of  the  sky  nearly 
equal  to  that  now  occupied  by  the  moon,  when  removed  to 
the  distance  of  Uranus.  They  would  probably  occupy  a  still 
larger  portion  ofthesk3'  if  scattered  up  and  down  between 
the  sun  and  the  orbit  of  Neptune.  But  if  the  number  of  me- 
teors which  the  earth  encounters  everv  dav  is  to  be  reckoned 
bv  millions  or  even  bv  hundreds  of  thousands,  I  think  it  is 
not  unreasonable  to  suppose  that  the  entire  number  of  them 


Celestial  Phenomena  Explicable  by  Meteors,       263 


comprised  within  the  orbit  of  Neptune  would  form  a  body  as 
large  as  the  moon,  in  which  case  the  quantitj-  of  light  inter- 
cepted by  them  could  not  be  regarded  as  inappreciable. 
Now  supposing  that  meteors  in  anj-thing  like  the  same  num- 
bers are  to  be  found  in  the  remoter  regions  of  space,  the  dim- 
inution of  light  owing  to  their  presence  must  be  consider- 
able. Thej'  would  probabh-  be  most  thickly  packed  in  the 
regions  where  the  fixed  stars  are  most  numerous  and  their 
influence  in  diminishing  the  light  of  the  fainter  stars  would 
be  most  observable  in  these  directions.  If,  moreover,  there  is 
the  same  connection  between  meteors  and  nebula  that  is 
known  to  exist  between  meteors  and  comets,  we  may  expect 
to  find  them  densely  crowded  in  the  neighborhood  of  true  or 
gaseous  nebulae,  producing  in  such  cases  a  very  considerable 
diminution  of  light.  At  all  events  I  think  the  observed  de- 
clension in  the  light  of  the  fainter  stars  may  be  accounted 
for  by  the  interposition  of  meteors  without  assigning  either 
an  incredible  density  to  these  meteors  or  an  incredible  dis- 
tance to  the  stars  whose  light  they  intercept. 

I  now  pass  to  a  class  of  variable  stars  together  with  the 
stars  known  as  new  stars.  Some  variable  stars  like  Algol 
probably  belong  to  a  different  class,  but  the  characteristics 
of  the  class  to  which  1  refer  and  which  I  ma\'  call  irregular 
variables  are  suflicienth'  startling.  They  often  attain  a 
very  considerable  degree  of  brilliancy'  and  then  fade  away 
rapidly.  The  known  laws  of  cooling  seem  to  exclude  the 
supposition  that  large  bodies  could  change  their  tempera- 
ture so  rapidly,  and,  moreover,  even  when  the  star  is  bright- 
est, the  spectrum  does  not  seem  to  indicate  that  the  temper- 
ature is  abnormally  high.  Are  they  then  small  bodies  ?  Ap- 
parently not;  for  if  so,  they  must  be  near  us;  whereas  none 
of  them,  I  believe,  has  as  3'et  been  found  to  exhibit  a  sensible 
parallax.  The  difl!icult\',  I  think,  disappears  if  we  suppose  a 
new  star  to  consist  of  a  number  of  small  bodies  so  near  to- 
gether that  our  telescopes  cannot  separate  them.  Saturn's 
rings  are  now  generally  believed  to  consist  of  numbers  of 
small  bodies  of  this  description :  and  supposing  that  one  of 
our  great  meteor  showers  could  be  seen  from  «  Centauri  by 
a  telescope  much  more  powerful  than  Lord  Rosse's,  it  is  al- 
most certain  that  it  would  be  taken  for  a  single  luminous 
object.     A  dense   cloud   of  meteors  heated  to    luminosity 
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might  be  visible  to  a  great  distance,  but  as  each  iudiviiliM 
meteor  would  be  very  small,  cooling  would  follow  rapid] 
when  the  source  of  heat  was  withdrawn.  Again  if  the  mebj 
ors  were  exposed  a  second  time  to  the  source  of  heat,  tin 
luminosity  would  augment  as  rapidly  as  it  had  previotu 
diminished.  Some  of  the  new  or  irregularly  variable  stai 
to  which  I  refer  have,  moreover,  appeared  to  present  ])1i)i|l 
tary  discs  rather  than  to  resemble  ordinary  fixed  stnii 
This  gives  us  the  idea  of  much  enlarged  dimensions— oH 
cloud  of  meteors  with  a  diameter  of  several  million!!  of  mile 
rather  than  a  single  body  with  a  diameter  much  less  thi 
that  of  the  sun. 

I  think  we  can  go  further  and  assign  a  probable  i 
for  the  luminosit)-  of  these  meteors.  We  know  that  tboj 
which  we  experience  arc  not  luminous  until  they  enter  1 
atmosphere,  but  are  raised  to  luminosity  by  rusbid 
through  it.  A  similar  effect  would  be  produced  by  a  body 
meteors  rushing  through  any  other  gaseous  mass.  But  i 
have  nndonbtedly  in  space  masses  of  gas  whose  dimensions 
exceed  that  of  our  atmosphere  perhaps  as  much  as  the  sun 
exceeds  one  of  our  atmospheric  meteors.  A  cloud  of  metcoq 
rushing  through  such  a  mass  of  gas  would  be  visble  tp.| 
great  distance.  It  would  probably  either  he  partly 
isetl  or  would  heat  the  gas  through  which  it  was  rushing  t 
such  a  degree  as  to  produce  more  or  less  of  a  gaseous  spec- 
trum in  connection  with  the  continuous  spectrum  <>f  tlie 
heated  meteors.  But  it  has  been  remarked  that  these  in 
ularly  variable  stars  and  new  stars  almost  always  app< 
in  connection  with  a  nebula,  and  when  at  their  greatest  £ 
tensity  there  is  usually  a  trace  of  a  gaseous  spectrum  aloi 
with  the  continuous  spectrum  of  the  star.  Mr,  Proctor  h 
moreover  observed  that  they  almost  always  occur  close  t 
or  in,  the  Milky  AVay,  and  therefore  just  in  the  places  whej 
we  might  exi)ect  to  find  the  largest  number  of  meteors. 

I  am  aware  that  the  great  Andromeda  nebula  in  ,whi4 
the  last  of  these  new  stars  has  ap[)eared,  is  not  supposed  1 
be  gaseous,  inasmuch  as  its  spectrum  is  continuous,  thoaji 
apparently  shortened  at  the  red  extremity.  This  fact,  ham 
ever,  is  not  conclusive  as  to  the  absence  of  a  large  mass  f 
ges  in  the  locality  in  question.  The  deficiency  at  the  red  / 
tremity  is  moreover  greater  in  the  case  of  the  nebula  than^ 
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any  known  star,  and  in  this  respect  the  spectrum  resembles 
that  of  the  nucleus  of  the  comet  known  as  Coggia^s,  which 
was  probably  in  a  partly  gaseous  condition.  The  defi- 
ciency at  the  red  end  may  be  due  to  the  intervention  of  an 
absorptive  gas,  or  possibly  to  the  intervention  of  a  cloud  of 
meteors  if  it  should  prove  that  red  light  loses  more  in  bend- 
ing round  a  small  object  than  light  of  higher  refrangibility. 
At  all  events,  flights  of  meteors  rushing  through  a  gaseous 
medium  seem  to  me  to  explain  more  of  the  facts  than  any 
other  theory  hitherto  proposed,  and  if  we  have  independent 
reasons  for  believing  in  the  existence  of  these  flights  of  me- 
teors this  explanation  attains  a  high  degree  of  probability. 

In  conclusion,  I  may  make  a  remark  as  to  the  theor3'' 
which  would  ascribe  the  solar  heat,  or  at  all  events  its 
maintenance,  to  collision  with  meteors.  As  far  as  our  expe- 
rience reaches,  the  orbits  of  meteors  are  not  such  as  would 
lead  them  to  fall  into  the  sun.  They  appear  to  be  of  a  com- 
etary  character,  and  no  comet  has  as  yet  been  known  to 
fall  into  the  sun.  Nearer  to  the  sun,  indeed,  meteors  may  be 
moving  in  orbits  of  a  different  character;  but  where  do  these 
meteors  come  from  ?  If  they  do  not  come  from  inter-stellar 
space  or  from  the  outer  portions  of  the  solar  system  (in 
either  of  which  cases  we  might  expect  to  meet  with  some  of 
them  while  travelling  towards  the  sun),  we  can  hardly  ac- 
count for  their  existence  otherwise  than  by  ejection  from  the 
sun  himself:  and  it  seems  pretty  obvious  that  the  sun  could 
not  acquire  heat  by  ejecting  particles  from  his  surface  and 
then  catching  them  again  in  their  descent.  The  ejection  and 
recapture  may  very  possibly  occur;  but  if  so,  the  heat  given 
back  by  the  recapture  has  evidently  been  derived  from  the 
sun  himself  and  represents  heat  given  out  otherwise  than  by 
the  ordinary  process  of  radiation.  The  problem  how  the 
sun  can  give  out  such  a  quantity  of  heat  by  radiation  and 
still  retain  his  temperature  therefore  remains  unsolved,  un- 
less there  is  some  special  reason  why  the  meteors  from  outer 
space  which  are  destined  to  fall  into  the  sun  should  avoid 
the  earth  when  approaching  their  destination.  But  I  doubt 
if  any  such  special  reason  can  be  assigned.  As  regards  the 
earth,  I  may  notice  that  no  marked  rise  of  temperature  has 
been  observed  even  after  the  densest  meteor  shower.  Why 
should  it  be  otherwise  with  the  sun  ? 
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POLARIZED  REFLECTIONS  IN  A  NICOL*S  PRISM. 


E.  J.  SPITTA. 


In  a  paper  read  before  the  R.  A.  S.  on  Friday,  March  14, 
attention  was  called  to  the  peculiar  effect  of  using  a  polariz- 
ing apparatus  to  evaluate  a  Pritchard's  wedge  without  the 
eniplo3'ment  of  a  diaphragm  placed  between  the  Nicol  and 
the  eye.  It  was  not  within  the  scope  of  that  paper  to  speak 
of  what  I  submit  may  be  an  explanation  of  the  cause  vrhy 
the  internal  reflections  in  the  prism  demand  its  being  turned 
through  a  greater  or  less  angle  according  to  the  position  of 
the  zero,  than  is  found  to  be  necessar3^  when  a  diaphrara  is 
employed,  so  perhaps  the  following  remarks  may  be  w^orthy 
of  notice  by  those  who  are  interested  in  the  subject.  To  ex- 
plain the  matter  clearly,  a  diagram  and  brief  explanation  of 
one  of  the  Nicols  I  had  specially  cut  to  show  the  rays  irame- 
diateh'  before  their  last  reflection  must  be  given. 


H^ 


a 


It  will  be  noticed  first  that  this  nicol  differs  from  an  ordi- 
nary' one  in  being  much  wider  from  H  to  B  and  G  to  C  than 
is  usual,  an  imaginary  line  drawn  from  F  or  D  parallel  to 
BC  to  meet  the  line  AB  at  D'  being  the  usual  limit  of  the 
spar.  The  diagram  speaks  for  itself  and  shows  the  prism 
separated,  but  ready  to  be  united  with  Canada  balsam.  If 
now  the  portion  ABCD  be  firmly  fixed,  say,  in  a  Bunsen's 
holder,  and  a  slit  be  placed  before  AB  between  the  spar  and 
a  candle  protected  b\-  a  monochromatic  piece  of  glass,  whilst 
the  eye  is  placed  at  CD,  several  images  will  be  seen ;  but  the 
most  prominent  are  those  formed  by  the  extraordinary'  ray 
seen  in  the  direction  EE'  and  that  due  to  the  ordinarv  rav 
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00',  both  of  which  are  evidently  due  to  reflections  from  the 
surface  AD.  But  if  these  images  be  looked  at  attentively, 
and  especially  if  the  prism  be  itself  slightly  moved,  they  will 
be  found  to  be  double,  the  fainter  image  in  each  case  being 
polarized  in  the  opposite  plane  to  that  which  is  the  more  in- 
tense. Hence  four  images  are  really  to  be  seen — a  strong  one 
extraordinarily  polarized,  side  by  side  with  a  feeble  one  ordi- 
narily polarized,  and  at  some  distance  a  strong  ordinary, 
side  by  side  with  a  feeble  extraordinary-.  But  this  is  not  all. 
Owing  to  the  angle  which  the  prime  extraordinary  ray 
makes  with  the  surface  AD,  being  so  close  to,  if  not  actually 
less  than,  the  critical  angle  for  that  ray,  total  reflection 
takes  place  until  the  optical  continuitj'  of  the  spar,  so  far  as 
it  relates  to  this  ray,  is  completed  by  the  Canada  balsam 
with  the  piece  HFG.  If  now  this  second  piece  HFG  be 
affixed  with  balsam  whilst  the  eye  watches  the  strong  ray 
EE'  through  the  surface  CD,  it  will  be  seen  that  it  does  not 
entirely  pass  through  the  balsam  as  many  authorities  aver, 
but,  on  the  contrary  is  only  partially  transmitted,  for  the 
image  still  reflected  after  union  is  made  with  the  piece  HFG 
is  by  no  means  a  feeble  one.  If,  now,  a  tourmaline  is  so 
placed  over  the  face  CD  as  to  exclude  both  extraordinary 
rays  the  images  formed  by  the  two  ordinary  ones  will  alone 
be  visible,  and  it  will  then  be  found  that  the  plane  of  the 
faint  ordinary,  which  was  side  by  side  with  the  strong  ex- 
traordinary image,  is  slightly  turned  on  its  axis.  In  other 
words,  if  a  second  Nicol  be  employed  and  placed  between  the 
eye  and  the  tourmaline,  the  two  images  will  not  become  ev- 
anescent at  the  same  angle  of  rotation  of  the  Nicol ;  and  if 
the  tourmaline  be  now  moved  so  as  to  hide  both  ordinary 
images  and  leave  the  two  extraordinary  ones,  they  also  will 
be  found  not  to  disappear  at  the  same  moment y  but  sensibly 
one  after  the  other.  Lastly,  and  most  important,  if  the 
plane  of  the  extraordinary  image  as  seen  at  the  surface  GD 
be  compared  with  that  of  EE'  and  that  of  00',  it  will  be 
found  the  planes  of  the  first  and  last  are  very  nearly  if  not 
quite  coincident,  but  that  the  plane  of  polarization  for  both 
rays  at  EE'  is  sensibly  rotated.  How  it  arises  that  the 
plane  of  one  set  of  reflections  is  more  rotated  than  that  of 
the  other,  I  must  leave  to  those  more  versed  in  optical  math- 
ematics ;  but  the  fact  is  patent  enough  with  any  reasonable 
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inspection  of  the  Nicol  in  question.  Inasmuch  then  as  these 
rays  are  among  those  cut  off  by  the  diaphragm  it  is  pro- 
posed to  use,  for  in  an  ordinarj^  Nicol  they  would  be  again 
reflected  off  the  surface  DD',  it  is,  I  submit,  open  to  consider- 
ation whether  their  presence,  if  unchecked,  would  not  be  suf- 
ficiently potent  to  cause  the  prism  to  be  under-rotated  or 
over-rotated,  according  to  which  side  of  the  zero  the  observ- 
ation was  made.  The  result  of  such  an  over  and  under  turn- 
ing would  be  that  the  angle  enclosed  between  the  two  points 
of  equalization  would  be  fasely  reduced  and  the  ratio  ob- 
tained correspondingly  too  high.  But  as  the  computed 
ratio  of  light  practically  depends  on  cot*^(qr' — g),  an  error 
in  the  determination  of  this  angle  would  introduce  an  alter- 
ation in  the  ratio  of  the  lights  of 

—  2  cot  \{q'  —  q)  cosec'  \{q'  —  q)A\{q'  —  q). 

This  is  onlj'  another  way  of  saying  that,  with  intensities 
which  vary  but  little,  half  a  degree  (neglecting  squares  and- 
products)  would  alter  the  ratio  from  2.13  to  2.05,  where^ 
one,  for  example,  is  but  twice  as  bright  as  the  other ;  but  in. 
the  case  of  the  ratio  dealt  with  being  higher,  such,  for  ei— 
ample,  as  1  to  18,  the  alteration  produced  by  half  a  degree 
would  amount  to  1.133.    Consequently,  the  amount  of  er- 
ror produced  in  the  coefficient  of  a  wedge  would  vary  with, 
its  depth  and  with  its  densit3%  provided  the  same  distance 
between  the  slits  was  rigidh'  maintained.— Tie  Observatory^ 
No.  162. 


EQUATION  OF  THE  ELLIPSE  THROUGH  FIVE  GIVEN  POINTS. 


CHAS.  E.  MYERS. 
For  The  Messenger. 

If  we  divide  the  equation  Ay*  +  Bxy  +  Cx-  +  Dy^  +  Ex 
+  F  =  0  by  F,  denoting  the  new  coefficients  by  subscripts, 
we  have  A,y-  +  B,xy  +  C^x"  +  D,y  +  E,x  +  1  =  0.  Substi- 
tuting  in  this  the  co-ordinates  of  the  five  points,  we  get : 

AiV,-'  +  B.XjVj  +  C,x,*  +  D,y,  +  E,x,  +  1=0 
Ajv;'  +  B,x..y.  +  C,x/  +  D.y^  +  E,x,  +  1=0 
A,y3'*  +  B.x,3'3  +  C,x/  +  D.y,  +  E,X3  +  1=0 
A,  y,^  +  B,x,y,  +  C,x,*  +  D,y,  +  E,x,  +  1  =  0 
A,y,*  +  B,xj',  +  C,x,'  +  D,y,  +  E.x,  +  1=0 
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The  values  of  A 1  B^  C^  D^  and  E^  determined  from  these 
five  equations,  and  substituted  in  the  equation  A^y^  + 
BjXy  +  CjX^  +  Djj  +  E^x  +  1  =  0,  gives  an  equation  of  a 
conic  section  passing  through  five  points,  x^y^  :  Xjya  etc. 

When  B2  —  4AC  <  0  the  section  is  an  Ellipse, 
When  B^  —  4AC  >  0  the  section  is  an  Hyperbola, 
When  B^  —  4AC  =  0  the  section  is  a  Parabola, 
When  B*  —  4AC  =  4(e2  —  1),  and  e  =   eccentricity  of  the 
curve. 


TABLES    FOR    THE   DETERMINATION    OF    THE    MERIDIAN    OF 

ELONGATION  OF  POLARIS.* 


L^NAS  GIFFORD   WELD.f 

The  following  tables  have  been  computed  for  the  use  of 
land  surveyors  and  engineers  during  thecurrent  year  (1890). 
In  Table  I.  the  times  of  elongation  are  given  to  the  nearest 
ten  seconds,  and  the  azimuths  to  the  nearest  five  seconds  of 
arc. 

TABLE  I. 

Azimuths  at  Elongations  and  Local  Mean  Times  of  Elongations  of  Polaris 
for  1890,  Latitude  4r4(y  X.,  and  Latitude  6^  west  of  Greenwich, 

CiTlI  Date  A 

January  1 1 

February  1 1 

March  1  1 

April  1 1 

Mayl  1 

Juncl 1 

July  1  1 

August  1  1 

September  1  1 

October  1  1 

November  1 1 

December  1 1 

January  1, 1891 1  41  55 

The  local  mean  times  of  elongation  should  be  increased 
9.8*  for  each  hour  of  longitude  east  of  the  meridian  of  the 
table,  and  diminished  by  the  same  amount  for  each  hour 
west. 


Imn^-K 

Eastern 

Weatern 

.llnato 

Elongation 

Elongation 

/• 

h.    m.    s. 

b.    ni.    s. 

42  20 

12  37  40  P.M. 

12  30  40  A.M. 

42  20 

10  35  20  A.M. 

10  24  10  P.M. 

42  30 

8  44  50     ** 

8  33  50     " 

42  40 

6  42  40     " 

6  31  40     " 

42  55 

4  44  50     ** 

4  33  50     " 

43     5 

2  43  20     " 

2  32  20     " 

43     5 

12  45  50     ** 

12  34  50     " 

43     0 

10  41  30  P.  M. 

10  33  20  A.  M. 

42  50 

8  39     0     " 

8  31  50     " 

42  35 

6  41  20     •* 

6  34  10     " 

42  20 

4  39  20     " 

4  32  20     " 

42     5 

2  41  10     " 

2  34  10     " 

41  55 

12  38  50     •* 

12  31  50     " 

*  Prom  The  Tranait,  Vol.  II.,  No.  1.  a  ■cml-annnal  pnblicatioii  of  the  Engineer- 
ing  Bocietj  of  the  State  University  of  Iowa. 

t  ProKMor  of  Mathematics  and  Astronomy,  University  of  Iowa. 
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If  standard  time  be  emplo3'ed  it  should  be  reduced  to  local 
mean  time. 

By  means  of  the  auxiliar3^  tables  given  below,  the  above 
table  may  be  used  through  a  range  of  ten  degrees  of  lati- 
tude. 


TABLE  II. 

For  other  latitudes  within  5°  of 41° 
4(/  N.y  the  following  corrections 
are  to  he  added  (algebraically)  to 
the  azimuths  of  Polaris  given  in 
Table  I. 


North 

Difference  in 
Latitude 

South 

1     39 
3     24 
5     13 
7       7 
9       6 

1 
2 
3 
4 

—  1     35 

—  3       4 

—  4    29 

—  f)    49 
-7       4 

TABLE  m. 

For  other  latitudes  within  5°  of  41°40 

N.  the  following  corrections  are  to  be 

added  (algehtaically)  to  the  times  of 
eastern  elongation,  and  subtracted 
<  algebraically )  from  t  he  times  of  West- 
ern elongation  g^iven  in  Table  I. 

Difference  In 
Latitude 


North 


s 

10 
20 
31 
41 
52 


o 

1 

2 

3 
-4 
5 


South 


s 

—  9 

—  19 

—  28 

—  37 

—  45 


CURRENT  CELESTIAL   PHENOMENA, 


THE    PLANETS. 


il/erci/rv,  having  just  passed  inferior  conjunction,  will  not  be  in  good 
position  for  observation  until  the  latter  part  of  June,  when  it  \Yill  rise 
about  an  hour  earlier  than  the  sun.  It  will  be  at  greatest  elongation  west 
from  the  sun,  22°  20',  June  23;  in  perihelion  July  15;  at  superior  conjunc- 
tion with  the  sun  July  22 ;  in  conjunction  with  Saturn,  south  34',  August  9, 
at  11  p.  M.  Mercurj'  will  be  in  good  position  for  daylight  obser\'ations  of 
the  gibbous  phase  during  the  first  half  of  July  and  the  same  part  of  August. 

During  the  first  days  of  May  this  planet  was  quite  conspicuous  to  the 
naked  eye  in  the  evening  and  we  had  several  excellent  views  of  it  with  the 
telescope  both  during  the  day  and  at  night.  Only  once  were  we  able  to 
make  out  any  sign  of  a  duskj'  marking  upon  the  disk,  and  that  was  very 
indistinct. 

Venus  must  be  recognized  by  any  one  who  looks  toward  the  west  in 
the  evening,  her  brilliancy  far  exceeding  that  of  any  other  object  in  western 
sky,  except  the  moon,  and  being  sufficient  to  cause  perceptible  shadows  of 
objects  upon  the  earth.  She  is  easily  visible  to  the  unaided  e^-e  at  noon,  if 
the  air  is  clear  and  the  observer  knows  just  where  to  look.  With  the  8-inch 
telescope  we  have  not  as  yet  been  able  to  discover  an)'  trace  of  dark  mark- 
ings upon  the  surface  of  the  planet.  L*  Astronomic  (May,  1890,  p.  192),  has 
however,  received  from  Professor  Schiaparelli  some  important  researches 
tending  to  verify  the  adopted  value  of  the  rotation  period  of  Venus.  These 
researches  w^ill  be  published  in  U Astronomic.  We  shall  look  for  them  with  . 
interest. 
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Mars  is  now  at  his  least  distance  from  the  earth,  for  this  opposition, 
-45,000,000  miles.  This  planet  is  very  conspicuous  in  the  southeast  at  10 
T».  M.  in  the  constellation  of  Scorpio.  Mars  will  move  westward  through 
i:he  constellation  until  July  4,  after  which  it  will  move  eastward,  coming 
^o  conjunction  with  Antarcs  August  13.  The  diam<:ter  of  Mars,  June  1,  is 
20.8'',  July  1,19.0",  August  1,  15";  the  phase  June  1,  0.997,  July  1, 
0.945,  August  1,  0.  883.  It  is  unfortunate  for  observers  in  the  northern 
hemisphere  that  when  Mars  is  nearest  his  declination  is  lowest,  so  that  he 
is  seen  under  unfavorable  circumstances.  It  is  to  be  hoped  that  astrono- 
mers in  the  southern  hemisphere,  where  Mars  approaches  the  zenith,  wil 
pay  much  attention  to  the  studj'  of  his  surface,  during  this  opposition  and 
the  one  in  1892. 

Jupiter  also  will  be  best  seen  in  the  southern  hemisphere.  He  will  de- 
scril)e  a  short  retrograde  path  in  Capricorn  where  there  are  no  bright 
stars.  He  may  in  our  latititude  \ye  found  in  the  southeast  after  midnight 
in  June,  after  10  p.  m.  in  July,  and  after  8  p.  m.  in  August.  The  polar  di- 
ameter of  Jupiter's  disk  willlje  41.  4"  June  1,  44.  8"  July  1,  and  46.  2"  Au- 
gust 1.  He  will  l)c  at  opijosition  July  30.  Transits  of  the  shadow  of  satel- 
lite lY  will  be  comparatively  frc(|uent  during  this  summer  and  micrometri- 
cal  measurements  of  the  position  of  this  shadow  upon  Jupiter's  disc,  with 
the  exact  time  of  the  measurements,  will  be  of  value  for  determining  the  ele- 
ments of  the  satellite's  orbit. 

Saturn  may  be  seen  toward  the  southwest  in  the  early  evening  in  the 
constellation  Leo,  near  the  bright  star  Regulus.  and  will  move  slowly  east- 
ward in  that  constellation.  The  sun  is  gaining  rapidly  upon  him,  however, 
so  that  in  August  Saturn  will  Ije  lost  to  sight.  On  July  17,  at  10*^  36"' 
A.  M.,  Saturn  and  Venus  \N'ill  be  in  conjunction,  Venus  being  only  6'  south 
of  Saturn. 

Uranus  will  be  at  quadrature,  90°  east  from  the  sun,  July  14.  He  may 
be  found  on  the  meridian  at  alx)ut  S :  30  p.  M.,  a  little  northeast  of  the  star 
Spica  in  Virgo,  between  the  fifth  magnitude  stars  h  and  S  Virginis,  and  is 
moving  verj'  slowly. 

Neptune  is  on  the  other  side  of  the  sun  and  so  will  not  be  visible  this 
summer. 


R.  A.  Dccl. 

1890.  h      m  ^      ' 

June  25 4  43.4  +19  11 

July     5 5  40.8  +22  16 

15 7  04.0  +23  27 

25 8  34.9  +20  30 

Ang.    5 9  59.9  +13  46 

15 11  01.4  +  5  56 


Jane  25 8  36.0  +20  29 

July      5 9  24.2  +17  05 

15 10  10.0  +12  57 

25 10  53.7  +-  8  19 

Aug.     5 11  39.8  +  2  51 

15 12  20.5  —  2  16 


MERCURY. 

Risen. 

Transits. 

Sets. 

h      m 

h      m 

h    m 

3  05  A.M. 

10  28.5  A.M. 

5  52  P.M 

3  08     *• 

10  46.3     *• 

6  25    " 

3  45     •* 

11  30.1     •* 

7  15    *• 

4  52    *• 

12  21.4  p.m. 

7  51    •* 

6  03    " 

1  02.7    ** 

8  02    " 

6  59    •* 

1  26.3    •* 

7  53    ** 

VExrs. 

6  51  A.M. 

2  20.4  p.m. 

9  50  p.  M 

7  15    ** 

2  29.1    •* 

9  43    •* 

7  40    " 

2  35.4    " 

9  31    " 

8  03    '* 

2  39.8    " 

9  16    " 

8  28    " 

2  42.4    *• 

8  57    " 

8  48    " 

2  43.6    " 

8  39    " 
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MARS. 

R.  A. 

Dccl. 

Rises. 

Transits. 

Sets. 

1890. 

h   m 

o 

h   m 

h   m 

h  m 

June 

^O.  ••« 

...15  42.1 

—22  41 

4  58  P.M. 

9  25.2  P.M. 

1  52  a.m. 

July 

o.... 

...15  39.9 

—22  45 

4  21  •* 

8  43.7  P.M. 

1  06  " 

1  o.... 

...15  43.5 

—23  02 

3  43  •* 

8  08.0  " 

12  33  " 

^o.... 

...15  52.5 

—23  31 

3  19  " 

7  37.6  " 

11  56  p.m. 

Aug. 

o.... 

...16  07.6 

—24  11 

2  50  ** 

7  09.4  " 

11  29  '* 

xo>«.. 

...16  25.3 

—24  50 

2  32  " 
JUPITER. 

6  47.8  ** 

11  04  " 

June 

^o«... 

...20  54.9 

—18  06 

9  48  P.M. 

2  47.9  A.M. 

7  26  a.  m. 

July 

o.... 

...20  51.3 

—18  23 

9  07  ** 

1  54.2  ** 

6  42  ** 

xo.... 

...20  46.7 

—18  43 

8  24  " 

1  10.4  " 

5  56  •' 

^o...< 

...20  41.3 

—19  04 

7  42  " 

12  26.0  " 

5  10  " 

Aug. 

o.... 

...20  35.9 

—19  27 

6  55  " 

11  36.9  P.M. 

4  19  " 

JLO...a 

...20  30.8 

—19  46 

6  11  " 

SATURN. 

10  52.6  " 

3  34  ** 

June 

^o.... 

...10  09.9 

+13  02 

8  58  A.M. 

3  54.0  P.M. 

10  50  P.M. 

July 

o.... 

...10  13.4 

+12  42 

8  24  ** 

3  18.2  " 

10  13  " 

xo.«.. 

...10  17.4 

+12  19 

7  50  " 

2  42.8  " 

9  36  " 

^o.... 

...10  21.6 

+11  55 

7  16  ** 

2  07.7  " 

8  59  '* 

Aug. 

o.... 

...10  26.6 

+11  26 

6  40  " 

1  29.4  " 

8  19  " 

Xo.... 

...10  31.2 

+10  59 

6  07  ** 

URANUS. 

12  54.8  " 

7  42  " 

June 

25... 

....13  24.5 

—  8  15 

1  37  P.M. 

7  08.0  P.M. 

12  39  A.M. 

July 

o... 

....13  24.5 

—  8  16 

12  58  *• 

6  28.6  " 

11  59  P.M. 

15... 

....13  24.8 

—  8  18 

12  19  " 

5  49.7  '* 

11  20  '• 

25... 

....12  25.5 

—  8  22 

11  41  A.M. 

5  11.1  " 

10  41  " 

Aug. 

0..a 

,....13  26.5 

—  8  29 

10  59  •* 

4  28.9  " 

9  59  *' 

15... 

....13  27.7 

—  8  37 

10  22  " 

NEPTUNE. 

3  50.8  " 

9  20  •* 

June 

25... 

....  4  15.0 

+19  39 

2  35  A.M. 

10  00.1  A.M. 

5  25  P.  M. 

July 

o... 

....  4  16.4 

+19  43 

1  56  " 

9  22.1  " 

4  48  ** 

15... 

....  4  17.6 

+19  45 

1  18  " 

8  44.0  ** 

4  10  " 

25... 

....  4  18.7 

+19  48 

12  39  *' 

8  05.1  " 

3  32  ** 

Aug. 

o... 

....  4  19.7 

+19  50 

11  57  P.M. 

7  23.5  " 

2  50  *• 

15... 

....  4  20.3 

+19  51 

11  18  " 

THE  SUN. 

6  44.9  " 

2  12  " 

June 

25... 

....  6  17.7 

+23  23 

4  17  A.M. 

12  02.4  P.M. 

7  48  P.M. 

July 

o... 

....  6  59.1 

+22  45 

4  22  *' 

12  04.3  " 

7  46  ** 

15... 

....  1  oy.y 

+21  28 

4  30  '* 

12  05.7  " 

7  42  '* 

25... 

....  o  19.9 

+19  34 

4  40  " 

12  06.3  " 

7  33  " 

Aug. 

o... 

....  9  02.7 

+16  52 

4  52  " 

12  05.7  ** 

7  20  " 

15... 

....  9  40.6 

+13  55 

5  03  " 

THE  MOON. 

12  04.2  '* 

7  05  *' 

June 

20... 

....  o  4^.9 

+21  58 

6  52  A.M. 

2  46.9  P.M. 

10  35  P.M. 

25... 

....12  42.5 

+  0  58 

12  00  M. 

6  26.1  " 

12  40  A.M. 

30... 

....17  15.4 

-22  40 

6  00  P.M. 

10  38.5  " 

3  12  •• 

July 

o... 

....22  45.0 

-13  23 

10  34  " 

3  47.7  A.M. 

9  09  " 

10... 

....  2  15.1 

+  9  22 

12  17  A.M. 

7  01.5  •* 

1  54  P.M. 

15... 

....  6  37.9 

+24  29 

3  00  " 

11  03.9  " 

7  07  *• 

20... 

....10  53.4 

+12  32 

7  47  " 

2  59.1  P.M. 

10  00  *' 

25... 

....Xv  49.9 

-12  54 

1  09  P.M. 

6  35.2  " 

11  52  *' 

30... 

....20  04.8 

-23  24 

7  00  " 

11  29.6  " 

2  01  A.M. 

Aug. 

o... 

....  1  57.1 

+  7  38 

10  21  " 

4  57.4  A.M. 

11  42  " 

10.., 

....  5  26.3 

+23  12 

12  17  A.M 

8  10.3  " 

4  08  P.M. 

15... 

....  9  60.1 

+17  50 

4  38  " 

12  13.7  P.M. 

7  40  ** 
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W90.               h      m-             =      ■•              h      ™  'h      m"'  h    m 

nne     + 13  28.8    -13  02        3  23  p.m.  10  3+  p.m.  3  +5  a  m 

2« 15  15.6    -U  02        ;i  +1    ■■  H  iS    •■  1  53  p  m. 

jr-NO  (3) 

HOC  16 16  0S.fl    —2  56        4- 35  p.m.  10  27  p.m  4  19  a  m 

uly    10 13  36.3    —  3  2»       2  50    "  8  +0    "  2  30    " 

'Og-     3 15  5+.6    —  3  03        1  20    "  7  0+    "  12  +8    " 

■W'^S'l'"'"  *"'"'"  *''"'*  '''™'  """*  ^'*'  *"*  '^™"''"   Meridian  Bnd   latltade 


Phenomena  of  Jupiter's  Satelljiea. 

d.       h^  m*"""  """^  Central  Tim.. 

el3...10  2ipM.      I.    Sh.  In.  July  17 „.    9  31p.m.      I.  Tr.  Eg. 

\\  ^^.  ■  ■    ^-  P^*-  "*  *«      ■■      "■  Ec.  if,. 

}  V?  "  ■    il--  Ij"-  *  9  <>9     "      II.  Tr.  Eg. 

„^  t?  .V     ^^''^  S«-  2^- ■  »  '"     ■'    "I-  Sh.  In. 

10  30  P.M.  1\.    Oc.  Ke.  9  57      ■'    III.  Tr.  In. 

t.M.  III.  Rh.  Eg. 

■'    III.  Tr.  Eg. 

I'M.      I.  Ec.  Dig. 

1.  Sh.  In. 

■'        I.  Tr.  In. 

I.  Sh.  Eg. 

■'        1-  Tr.  Eg. 

».M.    II.  Ec.  Dj8, 

i-.M.      I.  (>c.  Re. 

••      II.  Tr.  In. 

;'      II.  Sh,  Eg. 

o  ?A      :;     /,V    \'-  L""  ^'■'■■■"'  "^  ^■«'  "1-  Sh!  fl 

-  -  -  -•  ......     I.  Tr.  In. 

-„  |-    '^-   Rf-  ,  10  41     ■■       I.  Sh.  In. 

36  P.M.      I.    Sh.  In.  Aug.    1...12  58  a.m.      I.  Tr.  Eg. 


17. 

..10  +3      "       II. 

Tr.  Ek. 

— 

19. 

..10  33     ■■    III. 

Oc.  Kc. 

Sh.  In. 

24. 

1  06     ■'        I. 

Tr.  In. 

1  +8     "      U. 

lie.  His. 

Oc.  Kc. 

Tr.  Ek. 

Sli.  lis. 

26. 

11  26     "      II. 

Sh.  Eg. 

11  23 

30...  2  08     ■■        I.    SI1.  In 
11  26  P.M.      I.    Ec.  IHs. 


?v?;i  ::  .:■  ??■!?■  .???-■«■  \-  5^-pSs;. 


Sh.  Eg. 


11  37     ■'       I,    Tr.  Eg.  2...  7  30     •'       I     Sh   Ed- 

,..12  30  A.M.    II.     Tr.  I.r  -\o  46      -       IT      T,    ^.f' 


H  53  r' 
.  9  47 


II.    Tr.  In. 
■"      Sh.  In. 
Kc.  Kc. 


"i?.";.  "!■  ^\t  ^-.1*1  ■'  iv:  iSiRe: 


■,iHi-*"-  !■  Kc. i»is.  h;:;i2  22a.m.  c 

'"-■■---.     I.    Oe,  Re. 
.   II.    Oc.  Kc. 


Sh.  In. 
f>c.  Dis. 


,.   „^  .,  ,„  ^.  ■  i::«-  10*6  ■■hi:  f^;  Ke. 

14...  K  46  HI.    hh.  Eg.  »    12  13  A  u      I  i-j-   Vf 

1021  "  III.    Tr.  Eg.  .J08P^"  t"^   it' 

iT...li^  ::  1:^1;;:  H-D2?  ::  jv.  Tr.i| 


Oc.  Dis. 


Sh.  Eg.  11  25     "       i.    Oc!  Dis! 

a«iL*!^~?"p'"^'T*"  '"'^r^'  Eft-,  egrws:  Dis.,  disappen ranee:  Re,  re- 
?^r^f"had'.W''"'^'  '^■^  '— '""^-^  !•-■  tra-?  of  satellite;  Sh.. 
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Occultations  Visible  at  Washington. 


Star'd  Mami 

Date.  Name.  tude. 

June  22    /Leonis 5^ 

26    SOVirginis 6 

July     1    ASagittarii 3 

2    A^Sagittarii 6 

2  /i2  sagittarii W2 

5    r*  Aquarii  ' 5V2 

5    r'  Aquarii 4 

11    B.A.C.  1206 6 

24    95Vir^nis 6 

24    K  Virginis 4 

28    63  0phiuchi 61/2 

31  Af  Capricorni....  SVjj 

31  (p  Capriconii....  5V2 

Aug.    3    33Piscium 4V2 

3  B.A.C.  17 6      ' 

7  B.A.C.  1119.....  6 

9    n  Tauri 51/2 

•Multiple  star. 


IMMERSION.  EMERSION. 

Wash.    Angle  fm    Wash.    Anele  Tm  Dura- 
Mean  T.     N.  P't.      Mean  T.      N.  P't.       tion. 

hm  °  hm  **  hm 


8  14 
7  47 

11  46 

12  18 
12  26 

14  21 

15  49 
14  50 

7  40 
12  05 

10  26 

8  14 
12  27 

9  08 

11  23 
14  26 

12  51 


28 

35 

139 

40 

81 

88 

44 

45 

114 

186 

141 

32 

340 

10 

36 

48 

77 


Starl.S'N. 
Star  0.5' N. 

12  41 

13  14 
13  44 
15  33 
17  03 
15  47 

8  58 
12  18 

11  21 

8  57 
Star  2.0' X. 

9  33    • 

12  23 
15  35 

13  45 


of  Moon's  limb 
of  Moon*slimb 


228 
308 
265 
220 
270 
266 
305 
213 
227 
310 


0  56 
0  56 


1 
1 
1 


18 
12 
14 


0  57 

1  18 
0  13 
0  54 
0  43 


of  Moon's  limb 
312    0  25 
272    1  00 
256    1  09 
250    0  54 


Phases  of  the  Moon. 

New  Moon 1890  June 

First  Quarter *' 

Full  Moon "       July 

Last  Quarter '' 

New  Moon '* 

First  Quarter " 

Full  Moon *• 

Last  Quarter **  August 

New  Moon " 


A.  M. 


Central  Tim^. 
d      h    m 

17     3  58 

25     7  54 

2     8  23      " 

8  10  43  P.  M. 

16     6  50     " 

24     8  44     •* 

31     3  24     *' 

7     8  19  A.  M. 

15  10  20     " 


Minima  of  Variable  Surs  of  the  Algol  Type. 

•  R.  A.  Decl.  Approx.  Central  Times  of  Minima. 

h      m    8  °      ' 

U  Cephei 0  52  32    +  81  17      Julv  1,  3  A.  M.;  6,  3  a.'m.;  11,  3  a.  m.; 

16,  2  A.  M.;  21,  2  A.  M.;  26,  2  a.  m.; 
31,  1  A.  M.;  Aug.  5,  1  A.  M.;  10,  1 
A.  M.;  14,  midn. 

Algol 3  01  01    +  40  32      July  9, 1  a.  m.;  29,  2  a.  m.; 

X  Tauri 3  54  35    +  12  11       Aug.  5,  4  A.  M.;  9,  3  a.  m.;  13,  2  a.  m. 

U  Coronse 15  13  43    +  32  03      July  7,  2  a.  m.;  13.  11  p.  m.;  20,  9  p. 

M. 

UOphiuchi 17  10  56    +    120      June  19,  3a.m.;  19,11  p.  m.;  24 midn.; 

June  25,  8  p.  m.;  29,  midn.;  30,  8  p. 
M.;  July  5,  1  A.  M.;  5,  9  p.  m.;  Julv 
10,  2  A.  M.;  10,  10  p.  M.;  15,  11  p. 
M.;  20,  midn.;  21,  8  P.  M.;  26,  11  p. 
M.;  31,  1  A.  M.;  31,  9  p.  m.;  Aug.  5, 
2  A.  M.;  5, 10  p.  M.;  10,  11  p.  M.;  15, 
11  P.  M. 
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COMET  NOTES. 


Another  Lost  Comet.  The  veteran  comet  seekers,  Swift  and  Brooks, 
oth  report  many  unsuccessful  searches  for  Brorsen's  comet.  Its  course 
his  year  was  favorable  for  its  detection.  Has  this  comet  suffered  the  fate 
f  Biela*s  comet  ? 


Comet  1890  I  ( Borelly).  Ensi^i  H.  S.  Chase,  U.  S.  Navy,  has  computed 
he  following  elements  of  this  comet  from  observations  on  dates  Dec.  12 
nd  21, 1889,  and  Jan.  3,  189«  (Astr.Jour.  Xo.  217): 

T=  1890  Jan.  26.  260373  Wash.  M.  T. 
7r=r208°15'06.8") 
p  —      8    17  11.2    }    1890.0 
/  =    56    42   23.4   | 
log  q  =  9.4-30882 ;  q  —  0.269700 


Comet  1889  I.    The  following  ephcmeris,  from  Astr.  Kach.  Xo.  2962,  is 
rontinued  from  last  month : 


Berlin  Midnight     a 

h 
17 


June  16 

18 
20 
22 
24 
26 
28 
30 
2 


July 


Aug. 


4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

1 

3 

O 

t 

9 
11 
13 
15 


app. 

m 
43 
41 
39 
37 
35 
33 
30 
28 
26 
24 
22 
21 
19 
17 
15 
13 
12 
10 
09 
07 
06 
04 
03 
(»2 
01 
00 
58 
57 
56 
56 
16  55 


17 
16 


» 

55 
42 
30 
19 
09 
01 
55 
52 
51 
51 
5(j 
02 
11 
23 
38 
56 
18 
42 
10 
41 
16 
54 
35 
20 
OS 
00 
56 
55 
58 
04. 
13 


lo;i.  /  log.  J     Brightness. 


0.7570        0.6754        0.85 
51.0 
51.4 
52.0 

52. 7 
53.6 
54.8 
56.1 
57.6 
59.3 
01.1 
03.1 
05.2 
07.5 
10.0 
12.6 
15.3 
18.2 
21.2 
24.3 
27.5        0.7817        0.7318        0.59 


S  app. 

I  9 

-6    51.2 
6    51.0 

6  50.9 
6 
♦) 
6 
6 
6 
6 
<> 
6 
(> 
7 
i 

^ 

t 
7 

7 

*» 
t 

7 

7 

*» 

mm 

i 

7 

7  30.8 
7  34.3 
7  37.8 
7  41.4 
7  45.1 
7  48.9 
7  52.8 

-7    56.7 


0.7621        0.6836        0.79 


0.7671       0.6936       0.74 


0.7720       0.7052        0.69 


0.7769        0.7180        0.64 


0.7864       0.7463        0.54 


0.7911        0.6708       0.49 


Mr.  E.  E.  Barnard  sends  an  interesting  note  on  this  comet. 


Comet  1890  ...  {Brooks,  March  19).    Several  sets  of  elements  of  this 
comet  have  come  to  hand.    The  following  by  Herr  Bidschof  {Astr,  Nach. 
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■ 

^^H       No.  2flfi«)  ileiwniJs  upon  ohservatif 

US  dated  March  21,  Apnia.aa^H 

^^B 

r=I800jH 

ne  1.15 

J9  Berlin  M.  T.                   ^| 

«-    G)*°3G 

10.7' 

1 

i)  ^  32(1    17 

18.B 

}    180U.I)                             ^H 

1  =  120   27 

53.5 

^H                                            log.  7  =  0.2S14.S2 ;  <,  = 

1,91197 

^^M 

^^V                Pram  Uicsi:  dements  Mr.  O,  C 

.  Wendell  has  i-ompuu-d  the  ei^t^^l 

^^V           i^iven  below  for  June 

The  comet  is 

easily  picked  up 

with  A  small  telcH^^ 

^H             bill  will  not  become  visible  to  the  nakci 

eye,     It 

has  a  shaTply  Mnm 

^H              rapidly  fainter.    The  tail  Is  excecill 

ngly  fnint,  but  c 

an   \k  traced  for  abov 

^H              1"  from  the  miclens. 
H                     lipbemena  of  C 

19).    From  BidKhofi 

9raet  a  1S90.  Brooks 

(MarcA 

■               dements  as  given  in 

A.  N.  2966.  r 

.239, 

■                   ephemeris: 

.^H 

■                                 dr.  M.  T. 

A|.p.  K^A. 

App. 

Dec. 

Log.  r       iMg.  ^H 

1                            June    1.5 

1!)    19.2 

+  5S 

30 

c)J.>SI5       U.19^^1 

1                                         2.5 

19     12.0 

59 

IS 

1                                          3.5 

19      4.3 

60 

4 

f                                          +.S 

18    5fi.2 

+H 

5.5 

13    +7.7 

61 

30 

0.2817       tUMi^H 

B.5 

18    38.8 

62 

9 

7.5 

1«    29.5 

62 

+6 

8.5 

18     20.0 

63 

19 

9.5 

18    10.0 

63 

49 

0,2831      o.ta^^H 

in.5 

17    59.6 

6+ 

16 

11.5 

17    49.0 

64 

39 

VJ.S 

IT    3S.3 

6+ 

59 

13.5 

17    27.+ 

65 

16 

0.2820        0,2<l+4      1 

1+.5 

17     lfi.3 

65 

28 

15.5 

17      5.2 

03 

37 

Ifi,.-! 

Ifl    5+.0 

65 

37 

17.5 

16    +3.0 

65 

4+ 

ri,283»       0.il25    ■ 

18.5 

15    32.2 

65 

42 

19.3 

16    21.6 

6.1 

37 

20,5 

le    11,1 

65 

29 

ai.s 

lit      0.9 

65 

18 

0.2853        U.2a28H 

22.5 

15    50,9 

65 

3 

23,5 

15    41.2 

6+ 

50 

24.5 

15    32.0 

64 

33 

25.5 

15    23.1 

6+ 

12 

0.2869       <>.23+^H 

■26.5 

15    1+.7 

63 

30 

27.5 

15      6.8 

63 

25 

28,5 

1+    59,5 

62 

57 

29,5 

U    52.9 

62 

27 

0.28A7        U4t4^H 

30.5 

14    +7.1 

+  81 

55 

Harvaril  College  t 
The  Longest  Ke> 

bscnatory,  Mayl7, 

1890. 

Comet,  /  iJlSd^^H 

own  Duration  ofVaibUhv  of  a 

thought  yon  would 

eare  to  know  that  the  comet  discovered  bcrc^^^H 

tember  2. 1889.  =  1 18S9,  is  still  easily  visible  in  the  12-inch  refrn^^^l 

until  September,  tlina  flj^^^l 

known  visibility  extend  aver  tw 

year 

.    It  is 

OW   nULTi,   t^^H 

^M 

■ 

■ 

■■ 
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months  since  its  discover^'.    This  of  course  carries  its  duration  of  visibility 

far  beyond  anything  ever  known  before — five  months  longer  than  that  of 

the  great  comet  of  1811  which  was  the  longest  known  previous  to  this. 

The  comet  is  now  four  hundred  and  twent\'-seven  millions  of  miles  from 

the  eartli  and  five  hundred  and  four  millions  from  the  sun.    The  apparent 

place  of  the  comet  this  morning  was 

a  =  18»»  18™  34.9*  «5  =  —  7°  21'  57" 

at  Mt.  Hamilton,  May  15,  l-l-**  50'"  21"  from  filar  micrometer  comparisons 

with  the  star  Schj.  6690.    This  gives  the  following  correction  to  Berl^erich's 

ephemeris  in  A.  N.  2962 : 

In  a, +  5':  in  5,-1.9'. 

Sec  Sidereal  Messenger  for  May,  p.  227. 

E.  H.  Barnard. 
Mt.  Hamilton,  May  16, 1890. 


Comets  of  Short  Period.  A  very  interesting  pajjer  by  M.  Schulhof  of 
Paris,  entitled  "Notes  on  Some  Comets  of  Short  Period,"  is  contained  in 
Astr.  Nach.  No.  2964.  It  is  a  discussion  of  the  possible  identity  of  several 
pairs  of  periodic  comets  by  means  of  the  criterion  discovered  b3'  M.  Tisse- 
rand  and  noticed  in  an  article  in  this  journal  pp.  128  and  129.  He  finds 
the  identity  of  Comet  Finlay  1886  VII  with  Lexell  1770  more  probably 
than  that  of  Comet  Brooks  1889  Y  with  Lexell  1770.  We  may  suggest 
that  possibly  both  1886  VII  and  1889  V  may  be  parts  of  Lexell  1770,  as 
the  latter  may  have  suffered  disruption  by  passing  through  Jupiter's  sys- 
tem of  satellites  in  1779,  just  as  the  Brooks  comet  seems  to  have  been 
divided  in  1886. 

Mr.  Schulhof  also  discusses  the  possible  identity  of  comets  Finlay  1886 
\1I  and  De  Vico  1884  I,  Denning  1881  V  and  Pigott  1783,  Blanpain  1819 
and  Grischow  1743,  Coggia  1873  VII  and  Pons  1818  I,  Biela  and  Pons 
1818  I,  Winnecke  and  Helfenzrieder  1766  II.,  reaching  a  certain  negative 
conclasion  in  the  case  of  only  the  second  pair. 


Annular  Eclipse  of  the  Sun. — An  annular  eclipse  of  the  sun  will  take 
place  on  June  17.  It  will  not  be  visible  in  America,  the  path  of  the  annular 
eclipse  beginning  in  the  Atlantic  ocean,  passing  across  Northern  Africa,  the 
Mediterranean  Sea,  Turkey,  Persia,  Hindostan,  ending  in  Siam. 


Lunar  Appulse.  Forty-five  minutes  after  midnight  of  June  2,  the  moon 
will  pass  so  close  to  the  edge  of  the  earth's  shadow  that  it  is  doubtful 
whether  the  edge  of  the  moon  will  enter  the  shadow  or  not.  The  angle  of 
position  of  the  point  of  approach  from  the  north  point  of  the  disk  is  167° 
toward  the  west.  

New  Planetoids.  Two  new  planetoids  were  discovered  on  April  25  by 
Palisa  at  Vienna.  Their  numljers  are  291  and  292.  Professor  Krueger 
thinks  that  No.  292  is  probably  a  rediscovery*  of  Scylla,  No.  155,  found  by 
Palisa  in  1875.  The  two  were  very  near  together,  the  position  of  one  Ijeing 
on  April  25,  R.  A.  14^  21.1'",  Decl.  — 11°06';  that  of  the  other  R.  A.  14^^ 
19.6"»,  Decl.  —10^40'.  They  were  discovered  independently  on  April  26  by 
Charlois  at  Nice.  Another  of  the  13th  magnitude  was  discovered  by  Char. 
lois  May  20.5784,  in  R.  A.  16^  20*"  55",  Decl.  —  22°39'02". 
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Solar  Prominences  for  April. — Number  of  observations,  14.    Number  of 
prominences,  43.    Mean,  3M.    Greatest  number  in  one  day,  6  on  the  29th. 
Least  number  in  one  day,  1  on  the  1st.    Hi)2jhest  prominences,  54''  on  20tb 
and  28th. 

DISTRIBUTION  IN   LATITUDE. 
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E. 

W 

Between        0  a.m. 

10 

4. 

o 
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2 
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4.0 
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60 
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60 
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2 
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70 
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80 
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80 

4 
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+   80    •' 

80 

7 

2 

+ 

80    '* 

90 

3 

4 

Camden  Observatory. 

25 

18 

Smith  Observatory  Observations.  The  following  solar  observations 
have  been  made  with  helioscope,  except  when  otherwise  specified.  Those  of 
April  16th  were  made  by  Mr.  F.  ^I.  Jack. 

On  12th  and  13th  May  the  sun  was  glimpsed  for  a  moment  only,  al- 
though watched  all  day,  but  it  was  impossible  to  count  spots  accurately. 


S 

'Ji 

"^ 

90°  Mer. 

1 
0 

•3 
0 

3 

1890. 

c 

r»- 

■  / 

C 

Seeing. 

M.T. 

•3 

39 

5* 

n 

12 

April. 

1           P.  M. 

4 

10 

1  RV. 

Good. 

13 

1 1 

1 

O 

0 

0 

Clouds. 

14 

«• 

11.15  A.  M. 

0 

0 

1 

Poor. 

15 

(1 

11.45     *' 

1 

3 

1 

Fair. 

16 

4( 

10.30     •• 

1 

3 

1 

Very  good. 

17 

tt 

12         M. 

0 

O 

1 

Fair. 

18 

•  1 

11.20  A.  M. 

0 

0 

1 

Poor. 

19 

«< 

2.15  P.  M. 

0 

0 

«» 

Bad. 

20 

<• 

12            M. 

0 

0 

0 

Poor. 

21 

(  1 

11           A.  M. 

0 

0 

0 

Fair. 

22 

1< 

11.30     •• 

0 

0 

'» 

Good. 

23 

(< 

11.30     " 

0 

0 

o 

Poor. 

24 

t  • 

12          M. 

0 

0 

0 

Poc»r. 

25 

li 

11.30  A.  M. 

() 

0 

0 

Bad. 

27 

•  < 

12.30     •• 

o 

0 

o 

Bad. 

28 

«  « 

2              P.  M. 

1 

1 

o 

Fair. 

29 

«  t 

12.15     •• 

2 

4 

0 

Poor. 

30 

<( 

9.15  A.  M. 

'> 

12 

0 

Poor. 

1 

May. 

11.30     *• 

0 

O 

0 

Bad. 

'2 

•  < 

5.30  P.  M. 

0 

0 

1 

Good. 

3 

«( 

3.00     " 

0 

0 

1 

Fair. 

6 

<( 

2.30     •* 

0 

0 

0 

Bad. 

7 

t< 

11.45  A.  M. 

1 

1 

Good. 

8 

•« 

2         P.  M. 

o 

5 

1 

Good. 

10 

4t 

2.30     •• 

2 

12 

o 

Very  good. 

11 

it 

3.30     " 

3 

17 

2 

Very  good. 

12 

il 

11.54  A.  M. 

2 

"i 

0 

Bad. 

13 

•  • 

1.30     *• 

2 

J 

0 

Clouds. 

14 

<4 

5.20 

0 

0 

o 

Good. 

15 

(• 

11.45     •• 

0 

0 

0 

Poor. 

•  Projection  on  20  cm.  circle. 
Smith  Observ'atory,  Beloit  College, 
May  15th,  1890' 


Remarks. 


Fac.  about  3d  gr.  spots. 

Nothing  distinct  visible. 

Gran,  difficult. 

Fac.  disturbance  around  spots. 

Gran,  good.* 

Gran.  good. 

Gran.  fair. 

Gran.  dif. ;  limb  very  unsteady. 

I-,nrger  gran.  fair. 

Light  haze  too  indistinct  for 

faint  spots. 
Fac.  faint  on  E.  and  W.  limbs. 
Gran.  dif. 

Gran,  dif.,  limb  unsteady. 
Seeing  almost  impossible;  haxc. 
Gran,  indistinct. 
Small  and  indistinct.* 
2  masses  nuclei,   2    tiny  veiled 

spots  between. 
1    famt    veiled    spot    between 

groups. 
Impossible  to   make    out  any- 
thing. • 
Gran.  good. 
Fac.  near  S.  W.  limb. 
Clouds:  indistinct. 
Spots    very    minute;     Fac.    E. 

limb. 
Fac.  around  spot  centres. 
Small  gran,  very  distinct. 
Fac.  near  N.  E.  limb;  and  W. 

gr.  spots. 
Single  glimpse  through  clouds ; 

gen.  a pp. unchanged. 
Groups  fainter,  unable  to  count 

spots. 
Fac.  near  E.  and  W.  limbs. 
Gran.  fair. 
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Associate  Solar  Phenomena,  The  accompanying  table  has  in  the  first  \ 
:rolumn  the  dates  on  which  faculce  appeared  by  rotation  on  the  sun,  as  de- 
termined by  the  observations  published  in  The  Sidereal  Messenger  and 
the  Monthly  Weather  Review,  supplemented  in  one  or  two  instances  by  the 
observations  of  the  writer.  In  the  second  column  are  indicated  the  extent 
of  magnetic  perturbations  as  shown  by  the  declination  magnetograph  at 
the  Naval  Observatory,  Washington.  In  the  third  column  are  g^ven  the 
numbers  of  stations  daily  reporting  auroras  to  the  signal  service  bureau, 
and  in  the  fourth  column  the  extent  of  thunder-storms  as  described  in  the 
Monthly  Weather  Review. 

This  table  is  not  intended  to  give  anything  more  than  a  concise  sum- 
mary of  such  information  as  is  at  hand  at  the  present  writing  for  thr 
months  named,  so  as  to  indicate  the  points  with  reference  to  which  fiirthee 
r>bservations  may  be  desirable.  In  general  it  appears  that  when  solar  dis- 
turbances are  at  or  near  the  eastern  limb  there  is  a  manifest  increase  in  au- 
roras and  magnetic  storms.  The  exception  on  Jan.  20th  is  more  apparent 
than  real,  as  is  shown  bv  the  fact  that  at  the  next  return  on  Feb.  14-th  and 
15th  groups  of  faculse  were  visible  at  the  eastern  limb,  and  there  was  a  re- 
currence of  magnetic  perturbations  and  auroras.  The  other  exceptional 
case  on  Feb.  24th  is  of  a  different  character.  On  this  date  there  was  no 
increase  in  magnetic  perturbations  and  auroras,  although  faculae  appeared 
b^'  rotation.  Thunder-storms,  however,  attained  their  maximum,  which 
corresponds  to  what  has  been  observed  in  many  other  instances  indicating 
that  there  is  a  reciprocal  relation  between  these  phenomena,  the  one  taking 
the  place  of  the  other  at  times. 

It  is  noteworthy  also  that  the  maxima  of  auroras  on  Jan.  17th  and 
following  days  corresponds  to  that  on  Feb.  11th  and  following  days  at  an 
interval  corresponding  precisely  to  the  time  of  the  rotation  of  the  sun. 
Such  periodicity  is  ver>'  common. 


Date. 

Solar  Condition. 

Maji^net. 

Auroras. 

Thunder-stor 

January,  1890. 

1 

Calm. 

8  States. 

•» 

Faculae  by  rotation. 

.Much. 

1  Station. 

8  States. 

3 

Much. 

1  Station. 

1  to  4  States. 

4 

SlUht. 

1  to  4.  States. 

5 

Calm. 

1  to  4.  States. 

6 

Slijfht. 

1  to  4  States. 

7 

Calm. 

1  to  4  States. 

8 

Calm. 

1  to  4  States. 

9 

Pacnlae  by  rotation. 

Moderate. 

.None. 

10 

Faculae  by  rotation. 

Moderate. 

1  to  4.  States. 

11 

Calm. 

1  (Corona) 

1  to  4  States. 

12 

Calm. 

11  States. 

13 

Slight. 

1  to  4  States. 

14. 

Calm. 

1  to  4  States. 

15 

Calm. 

1  to  4  States. 

16 

Faculae  by  rotation. 

Calm. 

1  to  4  States. 

17 

.Much. 

12  Stations 

.None. 

18 

Much. 

G  Stations. 

1  to  4  States. 

19 

Calm. 

s  States. 

20 

.Much. 

2  Stations. 

5  States. 

21 

Slight. 

5  Stations. 

None. 

22 

Slijfht. 

1  to  -t  States. 

23 

Faculae  by  rotation. 

Slight. 

None. 

2^ 

Calm. 

1  to  4  States. 

25 

Calm. 

1  to  4  States. 

26 

Calm. 

None. 

27 

Calm. 

None. 

28 

Faculae  (Jan.  2nd  area  ) 

Slight. 
Calm. 

1  Station. 

1  to  4  States. 

29 

1  to  4  States. 

30 

Calm. 

1  Station. 

None. 

31 

Slight. 

2  Stations. 

1  to  4-  States. 

The  Sidereal  Messenger. 


MLte       Solsr  Condition. 

Maentt. 

\iintTTLi 

iruurj. 

Calra. 

1  to  3  »(■(«>. 

1  to  a  BtBU. 

Kone, 

S5'^- 

e  lo  IX  Stata. 

SX' 

None 

S  to  il  autn. 

Bligbi 

Kou. 

» 

1  la  3  Slaua. 

t  to  S  Slatn 

11     Paculae  (Jfio.  llth  arcal 

M(Kl«rQM. 

T  Stations. 

1  lo  S  StMtm. 

»1iKbt. 

1  lo  3  StalM- 

SliKhl- 

S  10  11  »Mt««. 

is     pt™l"i'^jVii"s!OtU. 

S  to  11  Halt. 

Mo<1crat«. 

1  aiation. 

Noo.. 

Blijjht- 

Muth 

S  Id  It  Stata 

14.SUt». 

1  smtltiD. 

Ho  B  ftlata 

1  to  3  State*. 

Calm 

a  to  tl  Statn. 

24    FflvuluriJ""   asthi 

ausiittminuc 

Culm' 

s«  StatM  traax, 

Calm. 


Carkton  College  San  Spot  Ohservations.    (Cmiliiiued  from  |ia^  2 
DBle.  Central  Time.       Gr    Siiuti..    Fbc,         Obs  Kcinarki 

ApttI  ai        2.2i>  H   «,  <j  1)  o       C.  R.  W. 

a*    laiao   ■■  o 


■2H  lU.SUAK 

39  13.30  P.  M- 

SO  la  30    " 

Xlay     I  13.30    " 


O       I  8r. 


II.  C   1 


C.  K.  V 

.  crA 


yufido  /Jaj'.  lo  Ko.  X.  uf  Vol.  IH  of  the  Annals  of  Hnrvani  CoHtgc 
Observatory,  we  notice  a  asefa\  table  which  shows  how  the  Julian  day 
affords  a  convenient  means  of  determining  the  interval  iii  days  between 
any  two  ealcndnr  dates.  The  table  Is  arranged  to  determine  the  taliati 
dnv  of  any  date  in  the  nineteenth  century,  and  has  lieen  fonnd,  in  prat 
a  more  convenient  fonn  than  that  usually  employeil. 


Mr.  Tebbutfs  ObservBton:  The  reimrts  of  Mr,  Tcbbulfs 
tory  tor  the  years  1888  and  1889  have  been  received.  Their  conicirtf 
deauribe  the  Observatory  building  and  instruments,  (five  the  geogrnphieat 
position  of  the  Observatory  and  some  account  of  the  Meridian  anil  cxtn 
Meridian  worit,  meteorological  oliservaLioiis,  publications,  the  library, 
pcrsanal  estftblishment  and  stateinent  of  proiwsed  work  (or  llie  |>mcni 
year.    Though  not  Inrge  volumes  these  reports  show  useful  usirunonuci)] 
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NEWS  AND  NOTES. 


Subscribers  will  please  remember  that  this  journal  will  not  be  published 
for  the  month  of  Julj-.  The  next  number  will  appear  for  the  month  of 
August  or  September. 


Fourth  Annual  Report,  Henry  Draper  Memorial,  Harvard  College  Ob- 
servatory, The  first  investigation  undertaken  as  a  memorial  to  Dr.  Henry 
Draper  was  the  formation  of  a  catalogue  of  about  10,000  stars  north  of 
— 25*^,  and  in  general  brighter  than  the  seventh  magnitude,  by  the  aid  of  the 
Batche  telescope,  eight  inches  aperture  and  44  inches  focal  length.  This  in- 
vestigation is  nearl3'  completed.  The  catalogue  and  about  half  of  the  table 
giving  the  details  of  the  observations  are  already  in  t^'pe.  Notes  giving  the 
peculiarities  of  the  spectra  are  completed  and  in  the  hands  of  the  printer. 

•The  second  investigation  relates  to  the  spectra  of  fainter  stars.  Photo- 
graphs with  exposures  of  one  hour  have  been  made  in  nearly  all  parts  of 
the  sky  north  of  — 25°,  and  furnish  material  for  a  discussion  of  spectra  of 
stars  brighter  than  the  ninth  magnitude.  Several  thousand  of  these  si)ectra 
have  been  identified  and  measured. 

The  expedition  under  the  direction  of  Mr.  S.  I.  BaiW,  which  went  to 
Peru,  South  America,  last  spring,  chose  a  position  on  a  mountain  6,500  feet 
high,  about  20  miles  east  of  Lima.  During  the  first  six  months  the  weather 
was  good,  and  about  1,300  photographs  were  obtained,  and  each  of  four 
principal  researches  were  about  half  completed.  The  first  series  of  ])hoto- 
graphs  taken  by  the  Batche  telescoi^e  furnish  charts  of  the  entire  sky  south 
of  — 25^,  using  exposures  of  ten  minutes.  All  stars  brighter  than  the  tenth 
magnitude  will  thus  be  photographed.  A  second  set  of  charts  having  ex- 
posures of  an  hour  cover  the  same  regions,  and  include  stars  brighter  than 
the  fifteenth  magnitude.  This  interesting  report  then  describes  a  number  of 
the  more  remarkable  southern  objects,  such  as  the  nebula  around  rj  Argus, 
the  Trifid  nebula,  N.  G.  C.  6533,  etc.  The  most  important  work  of  the 
eleven-inch  telescope  has  been  the  study  of  the  spectrum  in  which  the  K  line 
is  occasionally  double.  In  the  case  of  C  Ursae  Majoris  this  appeared  to  take 
place  at  intervals  of  fifty-two  days.  An  explanation  of  this  curious  phe- 
nomenon is  furnished  by  supposing  that  the  star  is  a  close  binary  the  maxi- 
mum velocity  of  whose  components  is  about  one  hundred  miles  per  second. 
The  spectrum  of  fi  Aurigae  exhibits  a  similar  peculiarity.  The  maximum 
separation  indicates  a  relative  velocity  of  one  hundred  and  fifty  miles  per 
second  and  it  occurs  with  great  regularity.  A  period  of  four  da3's  is  indi- 
cated, and  a  nearly  circular  orbit.  This  coijesponds  to  a  distance  between 
the  components  of  about  8,000,000  miles,  and  a  combined  mass  of  two  and 
three  tenths  times  that  of  the  sun.  This  report  has  as  a  frontispiece  a  fine 
lithograph  plate  showing  the  spectrum  of  this  last  named  star  with  K  line 
both  single  and  double. 


Bright  Streaks  from  the  Craters  of  the  Moon.    In  the  May  number  o 
KnowledgCy  Editor  A.  C.Ranyard  has  an  article  on  the  great  bright  streaks 
which  radiate  from  some  of  the  larger  lunar  craters.    This  paper  refers  to 
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another  of  like  interest  published  last  October  by  Mr.  Ranyard  in  the  same 
journal  giving  reasons  to  support  the  view  that  the  surface  of  the  moon  is 
covered  with  snow,  or  ice  and  hence  the  unchanging  color  so  commonly 
reported  by  all  observers.  Starting  with  this  view  Mr.  Ranyard  discusses 
the  possible  causes  of  these  radiating  streaks.  He  has  to  aid  him  a  fine  full 
page  illustration  of  one  of  the  photographs  of  the  moon  taken  by  the  great 
refractor  of  Lick  Observatory.  He  supposes,  as  shown  in  the  former  ar- 
ticle, that  the  polar  caps,  like  those  seen  in  Mars,  have  extended  towards 
the  equator,  and  there  met;  that  the  great  whiteness  of  the  higher  portions 
niav  thus  be  accounted  for :  that  the  darker  color  of  lower  levels  mav  be 
due  to  the  mixture  of  rock,  debris  and  moving  snow  and  ice.  In  these  ar- 
ticles the  author  gives  the  different  views  of  astronomers  commonly  held, 
and  to  them  adds  the  above  as  suggestions  rather  than  definitely  formed 
opinions. 


The  •  three  following  paragraphs  are  from  the  Publications  of  tlie 
Astronomical  Society'  of  the  Pacific,  No.  8.  (May  31,  1800.) 

Note  on  Photographing  the  Dark  Part  of  the  Moon.  It  is  found  bj'  ex- 
periments made  on  the  evening  of  April  21  that  the  dark  part  of  the  moon, 
when  the  moon's  age  is  2.9  days,  can  be  photographed  with  the  12  inch 
equatorial  with  a  seed  20  plate  in  20  seconds  the  complete  outline  of  the 
dark  part  just  showing  with  this  exposure.  With  40  seconds  and  70 
seconds  the  dark  part  was  conspicuous  and  details  on  it  were  clearly 
shown.  E.  E.  B. 


Copies  of  Photographs  taken  at  the  Lick  Observatory — How  to  ob- 
tain them.  The  Director  of  the  Lick  Observatory  has  been  authorized  to 
furnish  copies  of  some  of  the  negatives  taken  at  Mount  Hamilton  to  certain 
photographers,  in  order  to  make  such  copies  available  generalh'.  Copies 
of  some  of  our  negatives  have  been  furnished  to  quite  a  number  of  firms  ac- 
cordingly. Some  of  these  firms  (I.  VV.  Taber,  8  Montgomery  Street,  San 
Francisco ;  Hill  &  Watkins,  Santa  Clara  Street,  San  Jose,  and  Gayton  A. 
Douglas  &  Co.,  185  Wabash  Avenue,  Chicago,)  are  prepared  to  furnish 
prints,  enlargements  and  lantern  slides  from  such  negatives  as  the\'  now 
have.    Other  negatives  will  be  furnished  to  them  from  time  to  time. 

£.  S  .rl. 


Companion  of  Siriiis. 

359^.6                      D  =  4".l  7  1890.252 

361   .6                               4   .20  .259 

25G   .8                               4   .19  .304 


359   .7  4  .19  1890.27 

These  measures  were  made  with  the  36-inch  equatorial.         s.  w.  n. 


Observatory  of  Paris.  The  annual  report  of  the  Director  of  the  Ob- 
servatory of  Paris  for  the  year  1889  has  just  come  to  hand.  It  contains 
an  account  of  the  Photographic  Congress  which  met  at  the  Observatory  in 
September,  the  work  which  has  been  done  with  various  instruments  by  the 
large  corps  of  observers,  a  description  of  the  great  Equatorial  Coude,  59 
feet  focal  length,  23.6  inches  aperture  and  various  other  matters  of  interest. 


News  and  Notes.  283 


Tb€  Iowa  Meteor.  Late  in  the  afternoon  of  Friday,  May  2,  a  brilliant 
meteor  was  seen  in  Northern  Iowa,  Southern  Minnesota  and  South  Dakota. 
At  Northfield  the  meteor  was  observed  S.  30^  \V.  at  a  height  of  about  40^, 
and  disappeared  near  the  horizon,  behind  trees,  S.  20°  W.  Its  duration 
was  about  5'.  Intensely  bright,  although  no  distinct  head  could  be  seen, 
but  part  of  its  path  was  brighter  than  the  moon.  Its  motion  appeared  to 
be  in  the  arc  of  a  great  circle  passing  through  the  north  pole,  with  a  length 
of  about  30°.    Time  of  observation  was  5^  10.5'". 

From  Alta,  Iowa,  Mr.  David  E.  Hadden  reports:  A  brilliant  meteor 
w^as  observed  here  about  5.10  o'clock,  Central  time,  on  the  afternoon  of 
May  2d.  It  appeared  to  emanate  from  a  point  in  altitude  35°,  azimuth 
170°,  and  traveled  rapidly  in  a  nearly  straight  line  to  a  point  in  altitude 
10°,  azimuth  250°  (approximateh*,)  when  it  disappeared.  Although  in  full 
sunlight  and  a  cloudless  sky,  the  meteor  was  a  conspicuous  object,  being 
nnusnally  large  and  of  nn  intense  greenish  white  color  at  first,  changing  at 
disappearance  to  a  bright  red.  It  left  a  long  tr^iil,  which  remained  dis- 
tinctly visible  for  over  45  minutes.  No  sound  was  heard  to  accompanv 
it." 

At  Sioux  City,  Iowa,  it  was  seen  at  5**  •l-S'",  passing  northwest  of  the 
city.  It  appeared  at  an  elevation  of  25°,  seemed  to  burst  three  times,  and 
then  disappeared.  The  time  of  its  appearance  at  Mason  [city  was  reported 
at  5^  15",  moving  nearly  east,  and  the  report  it  made  in  passing  through 
the  air  is  likened  to  that  of  cannon  by  the  people  who  heard  it.  Its  path 
was  a  long  streak  of  fire  and  smoke.  People  were  greatly  excited  and 
sought  to  find  its  fall.  .\t  Algona  the  meteor  was  reported  to  pass  at  5** 
p.  M.,  with  a  noise  like  thunder.  At  Wells,  Minnesota,  it  was  seen,  and  the 
noise  was  like  thunder.  It  was  very  bright,  although  the  sun  was  shining 
at  the  time.  A  streak  of  blue  smoke  was  left  behind  it.  The  meteor  was 
plainly'  seen  at  Lake  Benton,  Currie,  Sioux  Falls,  Forest  Citj',  Britt,  Em- 
metsbnrg,  Ruthven,  and  a  large  number  of  other  places.  There  seems  to  be 
little  doubt  that  there  were  several  explosions  of  the  meteor  while  over 
Northern  Iowa,  and  possibly  some  in  Southern  Minnesota  if  reports  can  be 
relied  on. 

The  experience  of  a  representative  of  the  University  of  Minnesota  in  at- 
tempting to  secure  some  of  the  precious  fragments  of  this  brilliant  visitor 
has  been  matter  of  amusing  conversation  and  general  interest  in  literarj' 
and  legal  circles  herealx)uts  for  the  last  few  weeks.  The  representative 
above  referred  to  soon  found  the  locality,  a  few  miles  from  the  south  line  of 
Minnesota,  where  some  pieces  of  the  meteor  had  fallen,  on  a  farm  in  the 
possession  of  a  man  b\'  the  name  of  Anderson,  who  doubtless  esteemed  his 
prize  of  some  value,  dthers  interested  in  buying  the  fragments  were  also 
soon  at  the  same  place  with  the  determined  purpose  of  becoming  owners  of 
all  aerial  stones  that  Mr.  Anderson  or  anj'  one  else  had  to  dispose  of  by 
anction  or  otherwise.  Ver>'  soon  the  interest  ran  so  high  in  securing  the 
largest  piece  of  the  meteor  that  bidding  l)etween  two  persons  ran  up  to 
over  one  hundred  dollars,  and  the  representative  of  the  University  of  Min- 
nesota was  the  successful  competitor.  This  large  fragment  was  boxed  and 
taken  to  the  nearest  railroad  station,  and  the  aerolite  hunters  went  in 
search  of  more  fragments.  In  the  mean  time  new  and  unforseen  diflliculties 
arose.    Mr.  Anderson,  who  had  sold  the  meteor  and  received  the  money. 
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was  only  lessee  of  the  ground  where  the  meteor  hnd  fnlleii.  and  not  tH 
DWIier  of  it.  ao  the  rightrul  owner,  with  officer  and  jiapcrs  suddenly   ' 
peat«d  at  the  station  where  the  meteor  was  lodged  for  transportation,  anj 
took  iwisseseion  of  this  piece  of  Iowa  property,  and  im (Tied lately  ntaib 
away  with  it.    The  Minneaota  scientist  with  alacrity  secured  Minni 
cfiuncil,  and  thus  legally  firmed  rjioewed  the  cscitinj;  content.    After  tfa^ 
necessary  formal  and  official  pBrlcy'the  meteorite  and  its  purchnsc  n 
were  taken  possession  of  by  the  representatives  of  the  law.  and  u  cas 
soon  be  argued  in  court  t'l  decide  whether  a  lessee  of  lanil  o'r  the  fee  o 
has  title  to  an  aerolite  that  has  fallen  during  the  time  of  lease.    Thisci 
parallels  a  similar  one  mentioned  in  Langlcy's  New  Astronomy  puge  187. 

White  this  question  is  being  settled,  it  will  he  of  interest  to  ^cliolan  b 
thisbranchof  astronomy  to  know  that  Professor  Weld,  of  lowu  State  Uid 
versity,  is  intlustriously  collecting  all  data  he  cnii  to  determii 
the  meteor,  and  its  physical  characteristics.  Any  inlommtini]  to  aid  liim  h 
tiiiH  will  he  gratefully  received. 


Origin  of  Aerolites.    Since  the  fall  of  the  friigments  of  |the  Iiiwn 
on  the  afternoon  of  May  2,  considerable  has  apjjeared  in  cum 
newspapers  pertaining  to  the  origin  of  aerolites  and  plicnomcnn 
panying  them  within  the  range  of  oljHcrvation.    We  are  indebted  ti 
G.  Parker  of  Albert  Lea,  Minn.,  far  some  articles  liearing  on  this  theiai 
that  we  would  not  otherwise  have  seen.    With  him  wc  are  surpristrd  ttu 
nny  prominent  Hholnr  should  now  hold  that  the  origin  nf  ncrnlitea  is  fi 
the  moon.    Some  writers,  as  Mr.  Proctor,  have  held  that  meteors,  indufi 
s,  aerolites  and  otlicr  bodies   named  as   lielonging  t 
II  family,  ore  due,  probably,  to  the  eruptive  force  of  the  sun. 
this  view,  plausible  as  it  may  seem,  is  not  wimmonly  held  by  astronom 
of  the  present  day.    As  Mr.  Parker  claims,  in  a  well  written  article  appc 
ing  May  22  in  the  Freeborn  County  Standard,  meteors  an:  independc 
bodies  moving  in  orbits  of  thrir  own  in  S|iace,  that  these  dark  bodies  ai 
abundant  in  the  interplanetary  spaces,  that  those  within  the  near  range  4i 
solar  or  planetary  attraction  move  with  great  velocity,  that  tntin} 
of  them  follow  well  known  orbits,  and  that,  in  general,  their  origin  is  noi 
doubtedly  the  same  as  that  of  other  celestial  bodies.    For  authorities  tl 
reader  is  referred  to  Young's  General  Astronomy,  Chambers'  Handbook  a 
Astronomy,   Edmund  Beckett's  Astronomy  without  Matli>-maticH.   Ball^ 
Story  of  the  Heavens,  Winchell's  World  Life  and  Comparnti«  Geologj 
Langley's  New  .Astronomy,  and  many  others  that  might  be  easily  named. 


United  Astronomical  Researvb.  it  is  a  pity  that  all  available  a 
the  improvement  of  American  Astronomy  are  not  put  to  wise  and  prodna 
tive  use.  The  numlter  of  small  telescopes  *in  all  parts  of  the  country,  I 
host  of  amateur  observers  who  are  willing  to  devote  time  in  nsdnl  wot 
and  the  geneial  pnblic  interest  in  popular  astronomy  are  cnongh  I 
awaken  Ihouitht  and  desire  to  devise  some  plan  by  which  so  much  ralus 
energy  might  be  turned  into  proper  channels,  instructed  and  ntilised.  ~ 
easy  it  would  l>c  for  anyone  having  n  small  telescope  to  devote  hianelfd 
le  line  of  oliservation,  ond  conscienciously  persevere  it 
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making  a  complete  record  for  some  period  of  time  suitable  for  the  study. 
Such  a  course  would  certainly  increase  interest  in  reading  and  knowing  all 
that  could  be  learned  in  the  special  line  of  observation,  and  very  likely 
bring  to  the  attention,  some  new  things  about  it,  that  may  have  escaped 
the  notice  of  older  and  wiser  ones  in  science. 

There  is  not  a  single  line  of  astronomical  study  that  might  not  be 
profitably  pursued  in  such  a  plan  as  this.  The  simple  question  is,  are  the 
young  or  amateur  observers  willing  to  undertake  some  simple  line  of  obser- 
vation and  persistently  follow  it,  for  the  sake  of  making  a  complete  record 
of  what  may  be  seen  and  what  ought  to  be  recorded  ?  In  reply  to  this  we 
fancy  some  student  is  ready  to  say  that  he  would  gladly  undertake  such 
work  if  he  knew  what  to  do  or  how  to  do  it.  If  there  are  such  we  desire  to 
know  their  names,  what  kind  of  a  telescope  they  have,  and  if  they  have 
tried  any  regular  observing.  It  is  not  necessary  that  an  observer  should 
devote  a  great  deal  of  time  daily,  but  it  is  important  that  all  such  work 
should  be  done  well,  systematically  and  thoroughly.  We  do  not  see  why  a 
score  of  young  observers  could  not  be  continually  doing  useful  work,  and 
thereby  gaining  for  themselves  knowledge,  facility  and  skill  in  astronomy 
that  can  not  possibly  be  secured  in  any  other  way.  If  a  plan  like  this  in- 
terests any  of  our  readers  they  are  respectfully  asked  to  correspond  with  us 
concerning  it.  Possibly  this  matter  may  be  considered  of  sufficient  import- 
ance to  find  place  in  the  councils  of  the  proper  section  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  at  its  next  meeting  in  Indianapolis. 
The  further  question  of  unifying  the  regular  astronomical  work  of  the 
United  States  is  certainly  a  subject  that  ought  to  claim  the  attention  of  As- 
tronomers and  others  directly  or  indirectly  interested. 


Lightning  Spectra,  Mr.  W.  E.  Woods  of  W^ashington,  D.  C,  under 
date  of  May  16,  writes  of  his  use  of  a  Browning's  Pocket  Spectroscope  in 
the  study  of  the  spectra  of  lightning  during  a  thunder  storm.  In  several 
instances  he  observed  the  spectra  of  flashes  which  appeared  as  bright  lines 
superposed  on  a  faint  continuous  spectrum.  In  each  case,  when  the  continu- 
ous spectrum  was  bright  enough  to  be  seen,  shaded  flutings  were  visible. 
An  interesting  diagram  of  observations  accompanied  Mr.  Wood's  letter. 
We  hope  to  be  favored  by  further  studies  of  this  kind. 


Reversed  Curvature  of  Shadow  on  Saturn's  Rings.  Elsewhere  will  be 
found  an  article  by  Mr.  Aldro  Jenks  on  the  reversed  curvature  of  the  shadow 
on  Satum*s  rings.  There  is  probably  no  doubt  of  the  correctness  of  the  ob- 
servations reported,  for  the  same  thing  has  been  seen  by  experienced  obser- 
vers before.  The  theory  proposed  by  Mr.  Jenks  for  the  explanation  of  the 
same  is  novel,  and  without  any  analogy  to  support  it,  yet  his  is  the  honest 
effort  of  an  amateur  to  account  for  a  phenomenon  before  not  even  at* 
tempted  so  far  as  we  know. 


Algol  System.  In  a  communication  to  the  Messenger  sent  from  this 
place  last  month,  I  made  a  suggestion  that  the  variability  of  Algol's  period 
might  be  due  to  an  orbital  motion  of  the  Algol  system,  as  now  almost  es- 
tablished, around  a  central  invisible  body. 
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Tbc  Sidereal  Messenger. 


Before  mj-  article  could  hnve  reached  you  there  was  already  in  type,  i 
I  now   read  in  The   Mbsscxcek  with  intense  interest:   Pnifrwcir  Vo] 
announcement  of  the  proper  motion  of  tlic  Algol  syBtem.    This  is  prvti^ 
tbe  information  I  hoped  to  obtain,  us  already  stated,  i 

Now  if  the  taotioD  of  Algol  toward  us  is  cojnddenc  with  tlie  short 


of  its  period  o 
the  long  observed  fluctual 
found  to  be  receding  from 
revolution  around  a  ceotr 


Taeonio,  Wash.,  May  8,  1890. 


ixpected  thai  when,  in  tbe  cvun 

s,  thia  period  shall   lengthen.  Algol   vnBf 

Let  this  be  proved,  and  the  cxiatcncc  q 

jontrolting  force  seeiuB  to  be  ut 


Ph'itograpbic  Notes.    The  Observatory  for  I„.. .  .^ .„.., 

A.  Common  on  "'The  Photographic  Chart  of  the  llcaveiiB,"  .    --__ 

means  of  iccnring  uniformity  of  development  of  plates.  Mr.  Catnmnn  ■ 
oromends  a  system  of  squares  similnr  to  that  introduecrl  by  Cnpt.  AV 

for  measuring  the  photographic  intensity  of  light.    As  tii  the  riii~'' " 

plate,  it  is  snggcsted  that  it  should  be  in  the  middle  of  the  tube 
tographing  telescope. 

The  same  numfier  of  Tbe  Obaervaton-  states  that  M  M.  Henr\-  s-. 
recommend   the  following  method   for  preventing  hidua  about  tkc  t 
graphic  images  of  Itright   stars:    "Coat  the  back  of  the  plnlc  witL 
mal  eollodton.  containing  a  little  chrysoidinc.    This  is  of  nlniost  the  • 
refractive  index  as  glass,  and  completely  suppresses  halus  even   with  1 
brightest  stars," 

Monthly  Notices  for  March  publishes  an  article  by  Mr.  E,  E.  Bam 
"On  Some  Celestial  Photographs  Made  with  a  Lurse  Portrait  1 
Lick  Observatory."  Mr.  Barnard  attached  such  a  leiia  of  G.B  i^ 
to  a  6'Ai  inch  ecjuatorial,  using  the  etjuatorial  as  a  following  ti 
pnsnres  were  made  on  the  Milky  Way,  tlw  PIdudes,  (ind  the  GrcKt'  ^ 
of  Andromeda.  In  regard  to  the  results  Mr.  Ramard  writes :  "  For  m 
vears  I  have  observed  in  my  comet  seeking  a  mi 
black  hole  in  a  crowded  part  of  the  Milky  Way, 
hole  clearly  shown  in  this  negative,  but  the  entire  eloud-like  fern 
about  it,  in  which  myriads  of  stars  are  all  faithfully  deiiicted.  The  «L 
ing  beauty  of  a  glass  positive  from  this  plate  is  beyond  dcscriptioii.  . 
I  have  made  reduced  copies  of  the  above  negatives.  The  result  ia  «*"" 
In  the  Milky  Wav  pictures,  the  cloud-like  masses  of  stars  stand  ot._ 
boldly,  and  their  ibrms  are  more  definite  than  in  the  original.  Rcdm 
this  way  the  jricture  of  the  region  of  the  Andromeda  nebula  is  » — 
beautiful,  and  it  shows  in  a  most  remarkable  manner  the  peculiar  i  . 
of  that  part  of  Che  heavens.  The  intricate  arrangement  of  the  > 
rings  anil  segments  are  thus  shown  as  nothing  else  can  show  them.*' 

Mr.  Isaac  Roberts'  photographs  of  clusters  33  and  34  tl  VI 
which  he  finds  no  trace  of  nebulosity,  suggest  to  him  a  possible  "clsss 
tion  of  some  of  the  stages  in  the  evolution  of  the  universe"  through  n 
of  the  different  nebulosities  of  clusters. 


Bvlktin  No.  13  U.  S.  Scknti6c  Expedition  to  West  Africit.    Cndcr  d 
of  March  13. 1S90.  Profi;ssor  Cleveland  Abbe,  of  the  United  Stain  S 
*  Service,  member  of  tbe  Scientific  Expedition,  under  Professor  Todd,  i 
Bulletin  No.  13,  with  title.  "  Localities  of  Scientific  Interest  in  St,  Heli 
In  it  are  found  references  to  the  work  of  Edmund  Halley  <167S),  wIracL 
piled  the  first  catalogue  of  southern  stars,  341  in  uumlier,  and  who  9 
served  a  transit  of  Mereur>'  Nov.  7.  1677.    .Uso  are  given  refereiMe' 
work  done  by  Abraham  Sharp,  Maskctyne  and  Waddtngton,  Joltn  Ii 
Donald,  Captain  Henry  Foster,  and  a  doien  others  who  have  msdto  U 
contributions  to  science  from  tlus  historic  island. 
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Gainesville  Meteor,  A  meteor  weighing  several  hundred  pounds  fell 
it  GainesviUe,  Texas,  in  the  yard  of  S.  P.  Hargis,  who  lives  near  here,  on 
^he  evening  March  19.  The  meteor  had  the  appearance  of  a  huge  flint 
rock,  and  its  flight  through  the  air  caused  a  roaring  sound  which  was 
beard  several  seconds  before  it  struck  the  earth  and  which  resembled 
iistant  thunder.  It  exploded  with  a  report  like  a  cannon  while  still  in  the 
air,  and  fragments  of  the  stone  were  scattered  for  rods  around.  The  main 
bodv  of  the  strange  visitor  struck  about  fifty  lect  from  Mr.  Hargis'  house 
witb  such  force  as  to  imbed  itself  deeply  in  the  ground. — Chicago  Tribune. 


BOOK  NOTICES. 


A  Haxd-Book  of  Descriptive  a.\d  Practical  .\stroxomv,  by  George  F. 

Chambers,  F.  R.  A,  S. 
11.    In^trume.nts  a.nd  Practical  .Astroxomv.    Fourth  P^dition.    Oxford: 

At  the  Clarenden  Press.     1890,  Svo,  pp.  ;">3S. 

The  first  volume  of  the  fourth  edition  of  Chambers'  Hand-book  of  De- 
scriptive and  Practical  Astronomy  was  i)ublishcd  in  September,  1889,  and 
notice  of  it  has  already  api^eared.  with  brief  explanation  of  the  j)lan  on 
which  the  entire  revision  of  the  the  third  edition  of  this  inii)ortant  hand- 
book would  go  forward.  The  second  part,  which  is  titled  **  Instruments 
and  Practical  Astronony,"  is  now  iK^fore  us. 

A  fine  Wood bury-ty lie  of  the  new  3()-incli  refractor  of  the  Pulkowa  Ob- 
servatorA'  forms  the  frontisj)iece.  The  mounting  of  the  telescope,  by  Rej)- 
sold  &  Sons,  and  the  varit)us  appliances  for  work,  in  the  great  dome,  slu)w 
with  good  advantage. 

The  contents  of  this  part  arc  divided  into  four  books,  numljered  consec- 
utively from  similar  divisions  in  the  first  part.  Book  VII.  treats  o!  prac- 
tical astrononn*,  discussing,  in  separate  cha]jters,  the  following  topics,  viz.: 
the  telescope  and  its  accessories;  tclcsco])e  stands:  the  ecjuatorial;  the 
transit  instrument :  the  sextant;  miscellaneous  astronomical  instruments; 
the  observatory ;  i)ractical  hints  on  the  conduct  of  astronomical  observa- 
tions; history  of  the  telescope. 

Book  VI II.  presents  siKfctroscopic  astronomy  and  the  topics  are  spectro- 
scopy as  applied  to  the  sun;  as  applied  to  i)lanets  and  comets;  to  stars 
and  nebula;  maps  of  the  siKx:trum. 

Book  IX.  is  devoted  to  astronomical  ])liotography. 
Book  X.  presents  chronological  astronomy,  (1)  in  respect  to  time  gen- 
erally; (2)  subdivisions  of  time:  (3)  the  almanac;  (4)  cycles. 
Book  XI.  gives  a  brief  sketch  of  the  history  of  astronomy. 
Book  XII.  treats  of  astronomical  bibliography,  giving  a  list  of   pub- 
lished star  catalogues  and  celestial  charts,  also  a  list  of  books  relating  to 
reading  on  astronomy. 

Book  XIII.  contains  a  series  of  useful  astronomical  tables,  followed  by 
a  vocabularj'  of  definitions,  and  .in  index  designed  for  use  in  connection 
with  the  table  of  general  contents. 

It  is  not  neccssarj'  to  siK:iik  of  the  treatment  of  the  various  topics  of 
this  work  in  detail,  for  those  already  acquainted  with  fonner  editions,  l>e- 
caasc  they  know  of  the  thorough  study  the  author  has  made  of  the  whole 
subject  and  the  varied  sources  of  general  information  which  he  has  put 
under  tribute  to  make  a  complete  hand-book  for  use  in  astronomy.  But, 
for  those  of  our  readers  who  arc  not  acquainted  with  Professor  Chambers' 
books,  something  ought  to  Ik?  said  about  the  details  of  this  book,  to  aid  in 
a  proper  judgment  of  it.  Any  i)art  of  this  volume  might  l^e  chosen  for  this 
purpose  with  e(|ual  propriety,  and  so  we  call  attention  to  the  first  chapter, 
whose  title  is  **Telesco])e  and  Its  .\ct^ssories."  The  order  of  this  theme  is 
as  follows:  Two  kinds  of  telescopes,  reflecting,  the  Gregorian  reflector,  the 
Cassegrainian,  the  Newtonian,  the  Herschelian,  Lord  Rosse's  large  reflec- 
tor, Nasmyth's  reflector.  Browning's  mountings  for  reflectors,  adjustments 
for  reflc6tor8,  refracting  telescoinrs,  refractors  and  reflectors  compared, 
spherical    aberration,  chromatic    aberration,  tests    for    both,  theory  of 
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afhroraiilif  irombinations, tests  ot'aKuod  ubjcct  glass, tbnlyalile.  the  ij«.*^ 
lent)  rcl'rattor,  eyc-pi«,ts,  thi;  positive  eye-piece,  ihc  tiegalive,  formiilic   f*^' 
talculfiting  the  focal  Icnj^ths  of  eijuivalcnt  lenses.   Kellncr'a  cjc-picee.    c  f^ 
Barlon-  lens,- the  terrcstriftl  eye-piece,  the  pimcreatie  terrestrial  cre-niei;^; 
Grubb's  iirisniatie  terrestrial  eye-piece,  Ramsden'B  dynnnometer,  Benhoi^^j 
ilynanomctcr,  Dawc's  raCaCin^  eyo  piece,  the  diagonal  eye-piece  Dawc'f  soli^^- 
e^^piece.  Hilger's  aolar  eye-piece,  the  polarizing  solar  cye-piett,  Airy's  *7^^'j, 
piece  for  atmoBpheric  dispersions  micromctcTB,  the   reticnled  ttiKTomrtr^.'^ 
the  parallel   wire  microtneter,  the  position  micrometer,  mcaanreiaefll  "^^^*^ 
aneles  of  position,  Gmftb's  dupk-x  micrometer,  bright   wire  mierximrW''^^^ 
Bidder's  micrometer,  Bumham's  toicrometer.  the  double  image  micronMUi,.^,^^! 
the  ring  micrometer,  the  square  bar  micrometer,  the  Koilc  reticule,  slip{lillg  ''^^. 

piece,  telescope  tuljes,  

Forty-seven  pages  are  devoted  to  this  chapter,  and  thirty<iglit 
appear  in  connection  with  the  descriptive  matter.  They  are  neat  in  dr 
clear,  well  finished,  without  tjie  idea  of  extra  or  far- fetched  etntiellfithi 
but  intended  to  serve  the  definite  purpose  of  illustrating  what  the  ai 
is  talking  about.  This  art  of  choosing  and  designing  plates  and  cots 
lustrate  scientific  thought  and  work  is  so  often  the  weak  point  '~ 
books  that  ability  in  any  ought  to  be  recognized  and  commended. 

chapter  and  throughont  Ihc  book  the  author  hns  given  deserved  a 

to  and  illustration  of  American  work  in  astronomy,  and  we  belicv« 
volume  will  lind  a  large  sale  on  this  side  1>ceause  it  is  so  well  adaj 
the  wants  of  a  large  number  of  students  in  astronomy  who  either  i 
have  access  to  and  use  iistronomical  instruments.    Prntcasor  Chaml 
to  be  congratulated  in  the  success  be  has  already  rcatiicd  in  the  rv 
this,  the  leading  handbook  of  astronomy  in  the  English  language. 


Olb  IsiiERiTASCK  I.N  THE  Ghcat  Pvkamui.    With  Twenty-live  E»^ 
tory  Plates,  Showing  the  more  Crucial  Parts  of  this  really  Anti-H 
tian  and  most  Primeval  Structure,  in  Plan,  Elevation,  and  SfttiuaJ 
C.  Piaiii  Smyth,  F.  R.  S.  E..  F.  R.  A.  S.,  Late  Astronomer  RoyJ 
Scotland,    London,  Messrs.  Charles  Burnet  &  Co.,  Publistiere,  9  F 
in^ham  Street,  Strand,  1890.    Fifth  Edition.    4.32  pp. 
We  have  not  liefore  seen  this  book,  though  it  has  {Mssed  tfamii) 
fifth  edition,  and  has  long  been  well  known  in  scientific  and  literatv  c 
in  both  the  Old  World  and  the  New.    This  edition  retains  the  whole  < 
twenty-five  fine  and  instructive  plates  of  the  former  eilitions,  lint  the  M 
liress  has  been  reduced  Irom  664  to  44^  pajies,  and  yet  there  have  b  ~ 
corporated  into  the  latter  31  pages  of  appendices,  mostly  by  new 
showing  rather  forcibly  how  tlie  sacrea  and  scientific  ttyromid  1 
John  Taylor  is  now  being  pursued,  not  only  by  Anglo-Saxon,  Anglo-li 
North  American,  and  Great  Britain,  but  also  bv  Bclgitim  in  tlic  a 
French  language. 

The  plates,  before  referred  to.  are  full-page,  printed  in  colara,  nntH 
cede  the  text,  and  very  helpfnlly  illustrate  the  details  of  the  Grvat  Pjrr 
which  has  been  so  carefully  studied  by  many  interested  scholars  tn  It 
that  might  be  known  about  its  strange  and   wonderful   symbolira 
Ijook  is  divided  into  five  parts,  {iresenting.  in  order,  the  geography  t 
terior  of  the  Great  Pyramid,  history  and  interior  of  it,  national  * 
and  measures,  also  those  of  the  Great  Pyramid,  a  meaning  in  tts  v  , 
beyond  that  of  ordinary  science,  and,  finally,  the  personal  and  the  fatM 
the  Great  PiTamid. 

The  detailed  study  of  this  book  will  interest  any  one  nt 
with  the  curious  structure  of  this  pyramid,  the  erealest  of  Egypt  a 
wonders.  So  much  information  has  been  collected,  and  so  wide  a  r 
scholarship  has  contributed  to  it,  that  there  is  little  wonder  that  it 
reived  general  attention  in  the  past.  The  appendices,  which  aic  t 
new  matter,  bring  these  observations  down  to  the  present  year.  Ai 
book,  as  a  whole,  gives  probably  the  best  and  most  complete  knowlei 
its  theme  to  be  found  in  print  anjwhere. 


The  Sidereal  Messenger, 

CONDUCTED  BY  WM.  W.  PAYNE. 
Director  of  Carleton  College  Observatory,  Northfield,  Minn. 
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STEREOSCOPIC  OBSERVATIONS  ON  BINARY  STARS. 


W.  H.  S.  MONCK. 
For  Thb  Mbssbnobr. 

Mr.  A.  A.  Rambaut,  in  a  paper  which  appeared  in  the 
Monthly  Notices  of  the  Royal  Astronomical  Society  for 
March,  1890,  shows  that  if  we  know  the  elements  of  the 
orbit  of  a  binary  star  and  the  spectroscopic  velocity  of  both 
components  in  the  line  of  sight  its  parallax  may  be  computed 
by  the  formula 

7:V=  A  +  Bcos{o  ^  ^) 

Where  t:  is  the  parallax,  V  the  relative  velocity  of  the  two 
components  in  the  line  of  sight,  and  A  and  B  have  the  fol- 
lowing values 

_  lae  sin  r  cos  A 
D  -_     /^  sin  r 


PVl—  e' 

Where  7  is  the  earth's  velocity  in  miles  per  second  (which 
may  be  taken  at  18.5),  P  is  the  period  of  the  binary  couple 
in  years,  y  is  the  inclination,  X  is  the  angle  between  the  line 
of  nodes  and  the  major  axis,  and  o  is  the  true  anomaly  at 
the  date  of  the  observation. 

As  it  is  rarely  possible  to  obtain  good  spectroscopic  obser- 
vations on  the  velocities  of  both  components,  I  propose  in 
the  present  paper  to  try  how  far  this  defect  can  be  remedied 
by  several  observations  made  on  the  brighter  component  at 
diflfisrent  points  of  the  orbit.  For  this  purpose  I  assume  that 
the  proper  motion  of  the  binary  pair  in  the  line  of  sight  does, 
not  change  during  the  period  over  which  the  observations. 
extend,  and  that  the  observed  changes  of  velocity  are  conse- 
quently due  to  the  orbital  motion  of  the  principal  star.. 
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Now  if  V,,  Vj  represent  the  orbital  velocities  of  the  two  co] 
ponents  in  the  line  of  sight,  we  have  evidently 

But  if  m,,  ra,  represent  the  masses  of  the  pair,  v,  is  ^  - 

and  V=:  (1  -) ')V|,  which  for  breWty  I  write  (1  +  K)\\- 

It  is  clear  that  A"  is  a  positive  quantity  and  that  it  is  greater 
than  unity  unless  the  brighter  star  is  really  the  smaller  of 
the  pair. 

If   U"  —  W"  represent  the  observed   velocities   of  i 
brighter  star  in  the  line  of  sight  at  two  different  dates,  t 

H"  -  W"  =  r,'  - 


1  +  *: 
or 

(1+A')(U"-  W"]  =  V'—  V" 
and  hence 

-(i  +  K){\v'-  ir")  =  -(!"-  r"). 

But 

r.(V'—  V")  =  B  {^OS  (I'' —  i)  —  COS  (0"  —  l)) 

and  finally 

This  equation  enables  us  to  determine  the  parallax  if  t 
ratio  oftht^  masses  is  known  and  the  ratio  of  the  masses  ij 
the  parallax  is  known.  But  we  can  determine  more  than 
this.  B  being  a  constant,  so  far  as  the  system  is  concerned, 
cos  {0'  —  A)  —  cos  [ii"  —  i.)  is  greatest  when  11"'  —  W"  " 
greatest.  But  the  values  which  make  the  former  exprc 
greatest  are  e\ndently  0  =  1  and  "  ~  180  +  -'.  when  its  voltif 
is  2.  Hence  the  greatest  and  least  values  of  IV  must  coincide 
with  these  values  of  t>  or  with  the  positions  at  which  the 
star  is  at  the  node  of  its  orbit.  This  affords  a  check  on  any 
computed  orbit:  and  I  mayadd  that  the  period  of  the  binary 
star  can  also  be  ascertained  by  the  siiectruscoiw  since  it  will 
be  the  time  which  elapses  beeween  two  maxima  and  mo 
minima  values  of  W,  or  indeed  between  any  two  equal 
values  of  ir  unless  U'  is  increasing  at  one  period  and  dimin* 
ishing  at  the  other. 
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We  can  easily  obtain  a  superior  limit  to  the  parallax  of  a 
binary  star  from  the  foregoing  equations.  Cos  (^'  — X)  — 
cos  (^'  —  X)  cannot  be  greater  than  2,  while  1  +  2ir  is 
greater  than  2  unless  the  fainter  star  is  really  the  larger. 

JD 

Hence  ??  is  always  less  than  ^, ^,, .  When  our  observa- 
tions have  progressed  far  enough  we  can  give  W'  —  W  its 
maximum  value  in  this  expression.  Until  then  we  can  com- 
pute the  value  of  cos  (^  —  ^)  —  cos  {o^^  —  A)  for  the  dates  of 
the  observations  which  give  the  maximum  difference  hither- 
to observed,  and  if  C  be  this  value,  the  parallax  is  less  than 

\CB 
W'  —  W'  • 

The  following  appears  to  be  the  simplest  mode  of  deter- 
mining the  proper  motion  of  the  star  in  the  line  of  sight. 
CaUing  this  proper  motion  x  we  have 

W-x=  r,. 
Hence 

w^— X  __  v/  ^v'__  ^y 

W  —  X  "  v/'  ""  V  ""  ttF'' 
W'  — X  _  il  +  JBcos((?'  — >l) 


W  — X       A  +  i?cos(^'  — A) 
Observing  that  A  =  B  e  cos  X,  this  becomes 

W'  —  X  _  e  cos  A  -f  cos  (^  —  X) 


W  —  X       e  cos  A  +  cos  {0''  —  /) 


(2) 


Whence  the  value  of  x  can  be  computed. 

I  have  supposed  throughout  that  the  star  is  disturbed  by 
one  satellite  only.  If  there  was  a  second  satellite  the  motion 
of  the  principal  star  would  be  affected  by  it  also,  and  the 
existence  of  an  unknown  satellite  might  be  discovered  by  the 
impossibility  of  reconciling  the  spectroscopic  measures  of 
velocity  with  any  computed  orbit.  This  must  be  the  case 
with  Sirius  if  the  Greenwich  measures  of  spectroscopic  veloc- 
ity are  even  approximateh"  correct.  These  observations 
were  necessarily'  made  in  the  winter,  and  I  give  the  means 
for  each  winter  hitherto  published  with  the  number  of  obser- 
vations made,  +  indicatin;a:  recession,  and  —  approach. 
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Velocity  in 

No. 

of. 

Year. 

Miles  1 

)cr  Second. 

Observations. 

1875—6 

- 

-  20.5 

3 

1876—7 

(- 

-     9.3) 

1 

'    Average  of  3  years,  7  obs.       +  20.6 

1877—8 

- 

-25.2 

3 

1878—9 

* 

0 

1879—80 

+  l-i-.o 

4 

1880—1 

+    7.8 

4 

1881—2 

-    4.2 

6 

1882—3 

-     3.8 

4 

1883—4 

-  19.7 

13 

1884—5 

-  21.5 

6 

Average  of  3  years,  25  obs.      —20.2 

1885—6 

-  20.6 

6 

1886—7 

-     8.2 

5 

1887— S 

(-     0.6) 

2 

(Observations  very  discordant.) 

1888—9 

- 

-  21.8 

7 

These  observations  indicate  that  the  maximum  value  oF 
W^  —  TF'^  is  over  40  miles  per  second,  while  the  value  of  R 
probably  does  not  exceed  3  (for  the  latest  orbit — Mr.  GoreV 
—it  is  about  2.67),  so  that  the  parallax  of  Sirius  on  th( 
principles  already  laid  down  would  be  less  than  :|^  of  a  sec 
ond.    From  direct  measurements  it  seems  probable  that  th 
parallax  of  the  star  is  five  times  as  great  as  this,  and  mor 
over  the  dates  of  the  maximum  and  minimum  values  of 
(hitherto  observed)  do  not  correspond  with  the  nodes 
any  recognized  orbit.    The  glare  of  the  great  star  would  rer 
der  it  difficult  to  detect  a  close  satellite,  and  if  the  inner  sa 
ellite  passed  one  node  about  the  year  1877,  and  the  othe 


about  1885,  it  must  be  a  close  one.    Further  spectroscope- 
observations  on  Sirius  are  much  to  be  desired,  and  will  pro 
ably  solve  the  mystery  which  surrounds  its  motions  at  p 
ent. 

The  great  value  of  spectroscopic  measurements  in  the  ca — 
of  binary  stars  arises  from  the  fact  that  they  can  be  ma 
when  the  pair  are  so  close  that  the  distance  and  positi 
angle  can  only  be  measured  with  great  difficulty,  if  at 
In  such  cases  the  value  of 

cos(^^  —  /)  —  cos  {0''  —  A) 

should  still  remain  constant  if  the  orbit  is  correct,  and  t: 
value  of  ^"  can  be  computed  from  the  elements  of  the  orb^ 
while  \Y^'  is  directly  observed.    There  are  a  good  many  3 
stances  in  which  the  companion  star  is  in  this  condition  d 
ing  a  portion  of  its  revolution,  and  here  the  spectrosco 
alone  can  tell  us  whether  it  is  still  where  it  has  been  co 


e 
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puted  to  be,  or  has  wandered  from  the  track.  The  compan- 
ion of  Sirius  seems  hardly  capable  of  being  observed  at 
present.  Hence  the  utility  of  the  spectroscope  in  that  in- 
stance if  applicable ;  but  for  the  reason  already  mentioned  I 
doubt  whether  it  will  give  any  decisive  result. 

Another  point  which  the  spectroscope  can  clear  up  is 
which  of  the  two  planes  equally  inclined  to  the  line  of 
sight  is  the  true  plane  of  the  orbit.  The  value  of  W  will  be 
increasing  if  the  companion  is  moving  in  one  of  these  planes 
at  the  time  when  it  will  be  diminishing  if  the  other  plane  is 
the  true  one.  Two  or  three  observations  of  W  by  the  pho- 
tographic method  will  probably  suffice  to  determine  whether 
it  is  increasing  or  diminishing  at  any  given  time,  and  hence 
to  determine  the  orbit-plane. 


PTOLEMY'S  ARGUMENT  AGAINST   ROTATION  OF  THE    EARTH. 


HARRIS  HANCOCK.* 
For  The  Mbmbnobb. 

Professor  Newcomb  having  had  occasion  in  his  lectures  on 
the  History  of  Astronom3'  to  bring  up  the  fact  that  the  idea 
of  the  rotation  of  the  earth  was  not  foreign  to  the  ancients, 
at  his  suggestion  I  undertook  a  translation  and  comparison 
of  those  passages  of  the  Greek  and  Latin  editions  of  the 
Almagest,  which  bear  on  this  point.  It  seems  that  this  idea 
had  gained  sufficient  weight  to  require,  in  Ptolemy's  estima- 
tion, a  repudiation  from  himself,  and  he  wrote  the  following 
passages  with  that  intent : 

Almagest,  pp.  19  and  following. 

Now  certain  persons,  since  they  think  that  nothing  can  be 
said  in  opposition  to  these  views  (i.  e.,  that  the  earth  ro- 
tates), agree  to  them  and  think  that  nothing  will  disprove 
them,  if  for  the  sake  of  argument  they  make  the  hypothesis 
that  the  heavens  are  without  motion,  but  that  the  earth 
turns  about  its  axis  from  the  west  to  the  east,  making  very 
nearly  one  turn  in  each  day;  or,  if  both  of  them  move,  then 
it  is  about  one  and  the  same  axis,  as  we  said,  and  in  a  way 
conformable  to  their  mutual  relations.  But  it  has  escaped 
their  notice,  so  far  as  concerns  the  phenomenon  of  the  stars, 

*Stndent  at  Johns  Hopkins  University. 
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is 

(  t. 


rial  tli«g«     „itlio»t-     1"  ^""     tevolotion  ol  t  ^^ 

obl.grf  ">  »  -a  than  the  rcvol  ^^  ^  a  g«       ^„  ,i„ 

far  "«';'  'S««l«'"r'^  Ko«  it  tto  « '^;;°5s  appa" 
„ound.t,otB  ^^^,,       ^o  ^,^^,4  „,„as       ^^^ 

a  cloni.  nor  a  ^^^^  '=°"°    .nls  *«  ="        (  the  earth. 

go  "  *'  we  their  motion  tovva  ^  _^^  ^^^^^  <rf  the     ^^^^ 
„od  anticipate  tu  „ceptio"'  j      "     „v  ;„  iti 

other  HO*-  -*„  ,„cl;  to.-*  *«  ^^        ,  „  A  in^__^ 
,vouhl  appear  "  ;,  earrieo  .^^^,(  ,t  ,s  t 

:hoiiW  sa>-  *";:tanie  rateo' JI^^^M  „„,  have  the  %^., 

„hat  «e^«       ,,  imparted  to  ^_ 

::?rd°rno\-"-^'"-  ■ 


Lightning  Spectra. 


LIGHTNING  SPECTRA. 
For  Tub  MiMKi«SB( 

To  those  readers  of  The  Messenger  who  are  interested  in 
spectrostopic  work,  I  respectfully  submit  the  following  pre- 
ijminarT,'  studies  of  the  speetrura  of  lightning.  I  hope,  how- 
ever, that  thej'  will  bear  in  mind  that  the  results  thus  far 
obtained,  are  far  from  being  reliable,  because  of  two  ob- 
stacles— the  instantaneous  character  of  the  phenomena,  and 
the  insufHciency  of  my  instrumental  means.  The  first  can- 
not be  remedied,  the  second  is  only  a  question  of  instru- 
mental character. 

The  results  I  offer  (and  with  some  degree  of  hesitation), 
were  obtained  with  the  Browning  direct  vision  spectro- 
scope, without  scale  of  measurement,  and  was  of  small  dis- 
persion. The  bright  lines  set  forth  in  the  diagram,  are  mere 
eye  estimates,  and  are,  therefore,  very  unreliable  from  a  sci- 
entific  point  of  view. 


JlTiB  22.  ls»o. 

"he  diagram  shows  25  bright  lines,  and  were  the  results 

©n«  evening's  observation — previous  observations  being 

BCted  because  of  the  unfamiliarity   with  the  use  of  the 

bwoing  in  the  study  of  lightning  spectra,  and  for  the  fur- 

■  reason  that  the  display  of  lightning  on  the  evening 

1  to  watt  the  most  brilliant  and  varied  1  have  ever 

nesscd.     !  therefore  rejected  all  previous  notes,  as  being 

''  fitcre  training  lessons. 

It  will  be  found,  that  two  moderately  bright  lines  lie  in 
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the  violet,  one  heavy  bright  line  in  the  blue,  and  whicq 
estimate  to  be  the  famiHar  F  Hne,  one  brilliant  line  in  1 
green  (the  coronial  or  auroral  line?};  one  brilHant  line  on  tW 
yellowish  green,  a  double  line  in  the  yellow— very  brilliant 
(the  sodium  line?),  a  fainter  but  fairly  broad  line  on  the 
edge  of  the  red,  and  two  very  bright  hnes  in  the  center  of  tl 
red,  one  of  which  I  think  is  a  hydrogen  line — possibly  bol 
The  fainter  bright  lines  lie  approximately  as  shown  in  € 
gram.    The  intense  flashes,  those  which  usually  do  the  da 
age  during  a  storm,  gave   exceptionally   faint   continous 
spectra,  and  rarely  more,  than  the  lines  number  3.  i  and  5. 
Heat  lightning  flashes  gave  the  principal  bright  Ur 
8,  and  the  spaces  between  were  occupied  by  a  multitodei 
finer  bright  lines.    The  absorption  band  in  the  violet, 
tioncd  in  my  previous    note   to   The   Messenger,  < 
red  in  all  bright  flashes  of  heat  lightning  and  in  some  < 
I  saw  two  such  band.s  in  the  red,  lying  on  either  side  of  t 
pair  7  and  S. 

i  will  leave  the  deterniinaliun  of  the  records  to  some  a 
interested,  who  tan  place  the  lines  in  their  approxiwate  p 
tion  in  wave  length. 

It  might  be  well  to  state  that  the  line,  which  I  judge  tafl 
the  auroral  line,  was  in  all  cases  the  most  noticeable,  : 
especially  so  in  discharges  of  heat  electricity  which  seem 
to  occur  in  the  upper  and  more  rarified  strata  of  the  air. 

A  spectroscope  containing  an  illuminated  scale  woul^ 
think,  be  the  proper  and  more  correct  method  of  vtevt 
lightning  spectra,  and  I  hope  persons  possessing  stich  O 
find  time  for  this  sort  of  investigation. 


MEETING  OF  THE  ASTRONOMICAL  SOCIETY   OF  THE  PACIM 


The  Society  met  at  Mt.  Hamilton  May  31,  1890,  witj 
good  attendance.  After  transacting  the  routine  busilU 
the  following  papers  were  presented : 

a.    The  eclipse  of  Dec.  21.  1889,  by  Edward  S.  Holden. 

h.    The  Astronomical  Society  of  Camden,  New  Jersey,  by 
A.  B.  Depuy,  secretary. 

c.    Elements  of  Comet  Brooks  (March  19)  by  A.  O. : 
chner. 
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d.  On  the  Criterion  of  Continuity  of  Functions  of  a  Real 
Variable  and  on  the  Theorem  of  Mean  Value,  bv  Professor 
I.  Stringhara. 

e.  Does  the  Color  of  a  Star  Indicate  Its  Age?  by  William 
M.  Pearson. 

f.  Remarks  on  the  Mechanical  Theory  of  the  Corona,  pre- 
viously proposed,  by  Professor  J.  M.  Schaeberle. 

g.  Note  on  the  Definition,  the  Resolving  Power,  and  the 
Accuracy  of  Microscopes  and  Telescopes,  by  Professor  A.  A. 
Michaelson. 

Owing  to  a  lack  of  time  only  e  and  f  were  read. 

Mr.  Pierson  after  presenting  a  table  of  the  colors  and  of 
the  magnitudes  of  stars  known  to  be  binary,  and  therefore 
presumably  composed  of  the  same  elements,  and  after  point- 
ing out  that  binaries  of  the  same  magnitude  were  of  the 
same  colors,  while  those  of  different  magnitudes  were  of 
different  colors  said : 

**  In  all  these  binary  systems,  if  the  stars  are  of  the  same 
size,  they  are  invariably  of  the  same  color;  if,  on  the  other 
hand,  the  magnitudes  differ,  the  colors  of  the  components 
differ  in  an  approximately  exact  ratio,  and  where  one  of  the 
members  is  smaller  than  the  other,  its  color  is  invariably 
nearer  the  blue  end  of  the  spectrum  than  that  of  the  larger. 
Thus  if  the  larger  is  red,  the  smaller  may  be  yellow  or 
white;  if  the  larger  is  yellowish  or  white,  the  smaller  is 
green,  or  lilac,  or  blue;  while  no  binary  has  ever  been  discov- 
ered where  the  larger  star  is  blue  or  white,  and  its  smaller 
companion  yellow  or  red ;  or  where  the  smaller  was  nearer 
the  red  end  of  the  spectrum  than  its  primary. 

Assuming  then  that  two  stars  have  the  same  nebulous 
origin,  are  exposed  to  the  same  conditions  in  space,  that  the 
smaller  of  the  two  is  invariably  of  a  hue  farther  removed 
from  the  red  end  of  the  spectrum  than  the  larger,  the  ques- 
tion arises  — which  is  the  older?  /.  e.,  which  the  more  de- 
veloped from  the  original  nebulous  condition, — the  larger  or 
more  nearly  red,  or  the  smaller  or  more  nearly  blue? 

If  the  bluer  star  be  the  hotter,  and,  therefore,  the  newer, 
or  more  recently  emerged  from  its  nebulous  origin,  then  the 
smaller  of  the  two  bodies  composed  of  the  same  elements 
and  having  a  common  origin,  must  be  the  hotter,  which  is 
not  likely.    ...    If,  then,  we  are  to  appW  to  these  binary 
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are  to  be  guided  by  the  analogies  of  our  own  solar  system, 
and  if  it  be  not  unreasonable  to  assume  that  the  same  laws 
operate  in  other  systems,  it  would  seem  to  follow  that  the 
smaller  of  two  components  of  a  binary  star  cannot  be  of  a 
higher  temperature  than  the  larger,  and,  therefore,  must  be 
older  in  development  from  the  nebulous  stage.  If  this  be  so, 
then  observation  of  the  binarj'  stars  proves  that  the  cooler 
the  star  the  more  its  color  tends  toward  the  blue  end  of  the 
spectrum.  It  would  further  seem  to  be  a  fair  deduction  from 
that  conclusion  that  the  tendency  toward  the  blue  in  the 
color  of  any  star,  binary  or  independent,  would  indicate 
that  the  star  is  cooler  and  older,  relatively,  than  the  star 
whose  hue  tends  towards  the  red  or  yellow." 

In  the  discussion  which  followed  Mr.  Pierson  adduced  the 
cases  of  Algol  and  of  Nova  Cygni,  etc.,  as  giving  further 
support  to  his  thesis. 

Professor  Schaeberle  spoke  of  certain  objections  which  had 
been  raised  against  his  mechanical  theory  of  the  Solar  Cor- 
ona, and  showed  that  they  were  all  completely  met  by  this 
theory.  So  far  as  he  knew  there  was  no  phenomenon  of  the 
corona  which  was  not  completely  and  satisfactorily  ex- 
plained by  the  hypothesis  which  he  had  proposed.  The 
forthcoming  eclipse  report  ivould  contain  what  seemed  I 
be  a  satisfactory  demonstration  of  all  points  involved. 

Thirty-three  new  members  were  elected  as  below : 

Messrs.  Babson  (Cal.),  Bailey  (Miss.),  Cameron  (No^ 
Scotia).  Chapin  (Conn.),  Charropin  (Mo.).  Chubhi 
(Mass.),  Mrs.  Thomburg-Cropiier  (Cal.),  Messrs. 
(Cal.).  Everett  (Cat,);  Mrs.  Fillmore  (Cal.),  Dr.  David  t 
F.  R.  S.  (Cape  of  Good  Hope),  Messrs.  Hemming  (Mtan. 
Hirst  (Cat.),  Hooper  (Maryland),  Irish  (Nevada). 
( Denmark ) ,  Loomis  ( Washington ) .  Michaelson  { Mass.1 
Miller  (Cal.),  Mrs.  and  Miss  Morrill  (Cal),  Messrs.  Mo. 
man  (la.),  Nickerson  (Cal.),  Poor  (Md.),  Pritchett  iMoJ 
Sawyer  (Cal.).  Schott  y  Larios  (Spain).  Searle  (D.  Cj 
Smith  (Me.),  Talbot  (Cal.).  Tobin  (Cal.).  Warner  (O,),  WM 
lock  (D.  C.)  Charles  Burckhalter.  Secretarj-.i 
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HotM  on  Some  of  the  Doable  Stju's  DiscoTered  at  Washbuni  Obsenratoiy. 


S.  W.  BURNHAM. 


In  the  February  number  of  The  SroEREAL  Messenger, 
Professor  Comstock  has  called  attention  to  apparent 
changes  in  the  an^s^les  and  distances  of  some  of  the  double 
stars  discovered  by  me  in  1881  at  the  Washburn  Observa- 
tory. That  all  measures  of  double  stars,  like  other  astro- 
nomical observations,  are  more  or  less  erroneous  requires  no 
demonstration,  but  it  is  very  doubtful  if  any  doctoring,  sys- 
tematic or  other  wise,  can  improve  the  results.  This  can 
only  come  from  continued  and  painstaking  practice  with  the 
micrometer. 

In  the  last  month  or  two,  I  have  re-measured  a  few  of 
these  pairs,  principally  with  the  36-inch  telescope,  from 
which  I  make  the  following  notes  : 

The  change  in  ft  815  is  due  to  proper  motion,  which 
amounts  to  about  0'. 15  annually  in  the  direction  of  some- 
thing like  145°,  assuming  the  motion  to  belong' to  the  larger 
component.  I  measured  this  pair  in  1889,  and  again  during 
the  present  year. 

In  the  case  of  ft  794  there  appears  to  be  considerable 
change  in  the  angle,  the  distance  remaining  substantially 
the  same.  By  measures  on  four  nights  with  the  36-inch,  I 
get 

P  =  126°.9       D  =  0\50       1890.35 

This  is  smaller  than  the  Madison  measure  in  1889,  but  20° 
larg^  than  that  found  by  me  in  1881.  The  large  telescope 
shows  two  other  faint  companions  not  before  seen : 

.4BandC        P=71°.8       D  =  5'.71        1890.37       2n 
i4BandD  78.6  26.73       1890.37       2n 

I  have  made  a  set  of  measures  of  ft  800.  These  do  not 
agree  very  well  in  angle  with  the  later  Madison  measures, 
and  do  not  explain  the  apparent  discrepancy  in  distance 
when  compared  with  ray  first  measures  at  the  Washburn 
Observatory,  assuming  there  is  no  error  in  the  printed  re- 
sults. The  pair  is  a  very  easy  one,  even  with  the  12-inch, 
and  the  measures  should  be  fairly  accordant  if  the  compo- 
nents are  fixed. 


1  '""^""t  «ocBS  ceas«  ""'>  '°'„eh°and.  aoJ  "^^^oscopic 
di5tai.«  "°'^  .    <.ot,joiM<l  sun»       ,^  jacter-o*   t^  ,i 

';v;t'i\«\=--s^a:::t^atHaH.vo^-^^ 

'°B^„t  the  «tecope  ,^,^bser^•at.o«.  J^^  ,^,  '"'"f  »^' 
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our  situation  is  too  far  removed  from  their  orbital  planes  to 
permit  the  visibility  of  occultations. 

The  gravitational  influence  of  unseen  masses  may  also 
become  sensible  through  disturbance  of  tangential  move- 
ment, whether  of  the  translatory,  or  of  the  circulatory  kind, 
but  under  conditions  opposite  to  those  favoring  'Mine-of- 
sight"  determinations.  That  is  to  say,  the  orbit  of  the 
disturbing  body  must  be  both  spacious  and  highly  inclined 
to  the  visual  ray.  Thus,  the  sinuosities  of  the  track  pur- 
sued across  the  sphere  by  Procyon  would  be  imperceptible  if 
greatly  foreshortened ;  and  the  circumstance  that  the  revo- 
lutions of  C  Cancri  are  executed  (as  it  would  seem)  in  a 
plane  differing  little  from  the  plane  of  projection,  has  alone 
rendered  possible  the  discovery  that  a  syetem  visually  triple 
is  physically  quadruple. 

The  more  distant  companion  at  5'. 5  was  first  noted  by 
Tobias  Mayer,  in  1756,  and  Father  Christian  Mayer's  ob- 
servation of  it  at  Mannheim,  in  1778,  already  sufficed  to 
show  its  retrograde  motion.  Herschel  re-divided  the  larger 
star  in  1781,  and,  from  1826  onwards,  the  trio  were  kept 
tinder  pretty  constant  supervision.  They  proved,  for  a  ter- 
nary combination,  unusually  mobile,  the  close  couple  A  B 
mutually  revolving  in  sixty  years,  their  attendant  C  circling 
round  their  optical  centre  at  the  average  rate  of  half  a 
degree  annally,  but,  with  singular  alternations  of  delay  and 
acceleration,  emphasized,  too,  by  the  peculiarity  of  an  ap- 
proach to  the  centre  at  each  epoch  of  arrested  or  inverted 
angular  change,  while  retreat  from  it  marked  the  intervals 
of  swifter  revolution.  Dr.  Otto  Struve's  explanation*  of 
these  anomalies  bv  the  influence  of  an  obscure  mass  in  the 
immediate  vicinity  of  the  star  C,  has  been  fully  confirmed  by 
the  researches  of  Professor  Seeliger,  in  1880  and  1889. t 
The  looped  path  pursued  by  C  results,  there  can  be  no 
reasonable  doubt,  from  its  circulation  round  an  invisible 
close  companion  in  a  period  of  about  eighteen  years,  at  the 
same  time  that  it  describes  a  much  wider  ellipse  round  the 
pair  A  B,  Since  1826,  it  has  completed  three  subordinate 
revolutions,  in  an  orbit  of  slight  eccentricity,  the  semi-major 
axis  of  which  subtends  an  angle  of  two-tenths  of  a  second. 

*Comptta  Rcndos,  t.  Ixxix,  p.  1463. 

\ SHMuagMbcrichte,  W'ten,  Bd.  Ixxxiii.  Abth.  2,  p.  1018;  Denkschriften ,  Munich. 
Bd.  zvil,  Abth.  1. 
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The  dark  star  D,  meanwhile,  revolves  in  the  same  period 
round  the  same  centre,  and  at  a  distance  from  it,  as  Profes- 
sor Seeliger  has  shown,  little  if  at  all,  greater  than  that  of 
C.  It  cannot,  then  be  much  inferior,  and  may  be  greatly 
superior  to  it  in  mass.  Yet  it  does  not  emit  light  enough  to 
be  discerned,  even  by  Mr.  Bumham,  with  the  aid  of  the  great 
Lick  refractor.  This  example  alone— and  several  others 
might  be  alleged— proves,  with  tolerable  conclusiveness, 
that  the  differences  in  point  of  intrinsic  brightness  between 
the  components  of  multiple  stellar  S3'stems  does  not  depend 
solely  upon  the  swifter  cooling  of  the  smaller  bodies. 

The  system  of  C  Cancri,  as  we  now  know  it,  consists  of 
four  masses,  closely  associated,  two  and  two  together;  and 
it  has  been  demonstrated  by  Professor  Seeliger,  that  in  com- 
binations of  this  type,  Kepler's  law  of  equal  areas  holds 
good  for  the  elliptic  movement  of  the  centre  of  gravity  of 
one  pair  around  the  centre  of  gravity  of  the  other.  Thus 
understood,  it  is  obej-ed,  within  the  limits  of  observational 
error,  by  the  stars  in  question.  Their  individual  perturba- 
tions, however,  constitute  a  problem  in  celestial  dynamics 
which,  in  the  actual  state  of  science,  can  receive  only  an  ap- 
proximate solution.  Their  gyrations  are,  nevertheless,  for 
the  present,  sufficiently  will  represented  by  nearly  circular 
tracks  lying  respectively  in  planes  deviating  little  from  the 
plane  of  projection.  Should  the  larger  mutual  orbit  of  the 
circling  pairs  prove  eventually  to  be  similarly-shaped  and 
situated,  then  the  annus  magnus  of  the  system  is  about  720 
years;  and  all  its  movements,  traced  out  before  our  eyes 
with  insignificant  foreshortening,  are  directed  so  as  to  favor 
to  the  utmost  telescopic,  but  to  preclude  spectroscopic, 
determinations.  But  the  record  of  observation  must  be 
greatly  lengthened  before  the  orbit  of  C  round  A  B  can  pos- 
sibly be  computed. 

The  components  of  C  Cancri  usually  show  a  \'ellow  color ; 
but  Dembowski  found  them  all  white,  in  1855-57,  and 
noticed,  in  1864-65,  an  obvious  change  in  C  to  yellowish 
or  olive.*  Their  magnitudes,  photometrically  measured 
at  Harvard  College  as  respectively  5.6,  6.3,  and  6.0, 
also  perhaps  fluctuate  slightly,  but  not  so  as  to  disturb  the 
order  of  their  brightness.     The  star  A  always  outshines 

Mstr.  Nach-,  Mo.  1574.. 
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both  B  and  C;  while  C,  to  a  trifling  extent,  surpasses  B. 
The  proportion  of  their  masses  may,  however,  differ  widely 
from  the  proportion  of  their  light.  Seeliger  finds  that  the 
best  agreement  w^ith  observation  is  obtained  by  ascribing  to 
C  a  mass  2.37  times  the  combined  masses  of  A  and  B ;  but 
until  its  period  and  mean  distance  have  been  computed, 
nothing  can  really  be  known  on  the  point. 

Should  the  distance  of  the  system  from  the  earth  prove 
measurable,  absolute  will  be  substituted  for  relative  values 
of  mass ;  but  the  prospect  in  this  direction  is  not  very  en- 
couraging. The  *'  hypothetical  parallax  "  of  the  couple  A  B, 
on  Midler's  principle  of  assuming  the  two  together  to  pos- 
sess the  same  attractive  power  with  our  sun,  is  about  five- 
hundredths  of  a  second,  corresponding  to  a  light  journey  of 
nearly  sixty  years;  and  since  they  are  likely  to  be  more 
massive,  they  are  also  likely  to  be  more  remote.  Mass  varies 
in  the  triplicate  ratio  of  distance ;  an  eight-fold  mass  implies 
a  double  distance,  and  so  on.  A  small  if  not  wholly  evanes- 
cent parallax  is  also  indicated  by  the  secular  proper  motion 
of  15'. 2,  common  to  the  three  stars.  They  appear  to  be  of 
great  intrinsic  brilliancy.  If  of  the  solar  mean  density,  the 
stars  A  B  must  shine  with  nine  times  the  solar  lustre.  This 
is,  indeed,  onh'  what  we  should  expect  from  the  quality  of 
their  light ;  but  it  is  a  matter  for  surprise  that  all  the  stars 
yet  known  to  be  attended  by  obscure  satellites  show  Sirian 
spectra,  and  stand  accordingly  themselves  at  the  very  sum- 
mit of  luminous  intensit v.— Fro/n  Publications  No.  9  Astro- 
nomical  Society  of  the  Pacific. 


ON  A   RE-DETERMINATION    OF   THE   PRINCIPAL    LINE    IN   THE 

SPECTRUM    OF  THE   NEBULA  IN  ORION,   AND  ON 

THE  CHARACTER  OF  THE  LINE. 


WILLIAM    HUGGIXS.  D.  C.  L..  LL.  D.,  F.  R.  S..  and  MRS.  HUGGINS. 


We  think  it  desirable  to  put  on  record  the  results  of  a  re- 
determination of  the  position  of  the  principal  line  in  the 
spectrum  of  the  nebula  of  Orion,  under  the  more  favorable 
conditions  of  a  higher  position  of  the  nebula,  and  of  some 
improvements  in  the  instrumental  arangementss.  The  spec- 
troscopes have  been  furnished  with  new  and  sensibly  per- 
fect object-glasses  by  Sir  Howard  Grubb,  and  a  new  bright 
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pointer  has  been  fitted  to  the  spectroscopes  by  Mr.  Uilgi 
which  is  illuminated  by  a  small  incandescent  lamp,  of  whic 
the  brightness  is  controlled  by  uitable  sresistatices.  In  an* 
other  respects  the  instrumental  arrangenieiits  have  re- 
mained unaltered.  The  same  spectroscope,  giving  a  diapers- 
ion  of  about  four  prisms,  which  was  described  in  my  paper 
of  1872  as  spectroscope  B,*  and  was  used  in  the  work  on 
this  line  contained  in  my  pajrer  of  1874, t  and  also  tlirougli- 
out  the  work  of  last  year,  with  the  exception  of  one  single 
confirmatory  observation  with  amore  powerful  spectro- 
scope,t  was  employed  in  the  present  investigation,  and  nl»o 
the  same  arrangements  for  the  comparison  spectrum  (eat^-^ 
burning  magnesium. 

In  my  earlier  spectroscopic  work  I  pointed  out  that  a  p 
sible  parallactic  error  of  the  comparison  spectrum  n)^ 
easily  come  in  when  a  small  reflecting  prism  is  placed  i 
usual  way  before  one-half  of  the  slit;  and  also  the  possibilit 
of  errors  from  the  unavoidable  flexure  of  the  Bpcctroscoi 
or  of  its  attachments  to  the  telescope.  !n  1872  I  iidoptt 
the  plan  of  p]acing"tbe  spark  or  vacuum-tube  within  I 
telescope  at  a  moderate  distance  from  the  slit.  For  this  pm 
pose  holes  were  drilled  in  the  telescope  tube  opposite  to  € 
other,  at  a  distance  of  2  feet  G  inches  within  the  prineipj 
focus.  Tubes  were  fixed  by  screws  over  these  holes,  and  J 
these  tubes  slide  suitable  holders  for  carrying  electrodes  fl 
vacuum  tubes.  The  final  adjustment  was  tested  by  i 
comparison  of  the  bright  lines  of  magnesium  and  the  doni 
line  of  sodium  with  the  Frauenhofer  lines  b.  and  D  in  i 
spectrum  of  the  moon."S 

I  have  since  adopted  an  arrangement  in  which,  when  on 
adjusted,  any  sensible  parallactic  effect  from  a  change  j 
position  of  the  source  of  light  seems  to  be  impossible, 
even  a  minute  motion  of  the  spark  or  other  source  of  li^ 
for  comparison  has  the  effect  of  throwing  the  light  to  ( 
side,  without  the  slit;  so  that,  as  long  as  the  comparis< 
spectrum  is  seen,  there  can  he  no  doubt  that  the  direction  t 
the  light  for  comparison,  as  it  fell  upon  the  slit,  had  rt- 
mained  invariably  the  same,  relatively  to  the  optical  axis  of 


•Boy.  8oc.  Proc.,'  vol.  *a,  1889,  p 
'Ro)>.  Soc.  Ptoc'  «d1.  ao,  p.  SBS. 
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the  telescope,  and  consequently  to  the  celestial  spectrum  un- 
der observation. 

In  the  diagram,  abed  represents  a  section  of  the  telescope- 
tube  near  the  middle  of  its  length;  within  this  is  firmly 
screwed  a  thin  steel  arm,  e,  carrying  a  minute  mirror,  f. 
This  mirror  is  about  a  quarter  of  an  inch  in  width,  and  of 
about  the  same  apparent  length,  when  seen  fore-shortened 
from  the  slit.  The  mirror  is  fixed  at  a  distance  of  6  feet  6 
inches  within  the  principal  focus  where  the  slit  is  placed.  In 
the  side  of  the  tube  opposite  the  face  of  the  mirror  is  a  small 
hole,  through  which  the  light  from  the  collimator,  g,  passes 


a 


on  to  the  mirror.  At  the  other  end  of  the  collimator,  which 
has  a  length  of  about  7  inches,  is  a  diaphragm  with  a  small 
hole,  A,  before  which  the  source  of  light,  whether  an  induc- 
tion spark,  a  vacuum-tube,  or  burning  magnesium  is  placed. 
The  lens  at  g  is  so  placed  as  to  bring  the  light  approximate- 
ly to  focus  at  the  place  of  the  slit. 

It  is  obvious  that  with  this  arrangement  an  extremely 
small  shift  of  the  light  before  the  hole.  A,  would  be  suflicient 
to  cause  the  ray  reflected  from  the  mirror  to  go  off  the  slit, 
and  that  the  reflected  light  can  pass  into  the  slit  only  so 
long  as  its  direction  remains  invariable  relative  to  the  opti- 
cal axis  of  the  telescope.    It  is  also  obvious  that  any  flexure 
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in  the  spectroscope,  or  in  the  tube  connecting  it  to  the  tele- 
scope, would  affect  similarly  the  light  from  the  nebula  and 
from  the  magnesium.     The  precaution  was  taken,  howeveti 
to  so  orient  the  spectroscope,   that  any  flesure  from  tl 
weight  of  the  instrument  would  be  tn  the  direction  of  tl 
length  of  thesHt. 

The  coincidence  or  otherwise  of  the  direction  of  the  light  - 
reflected  from  the  little  mirror  with  the  optical  axis  of  the  s 
telescope  can  be  determined  by  comparing  the  spectrum  of  ~* 
burning  magnesium  with  b  in  the  spectrum  of  the  moon,  or  -» 
of  the  hght  of  the  sky.  As  an  additional  safeguard  in  the  =» 
comparison  of  the  spectrum  of  the  nebula  with  magnesium,  »  » 
since  my  early  observations  had  shown  the  nebular  line  to  «u 
be  very  slightly  more  refrangible,  the  mirror  was  purposely  ^s^ 
so  adjusted,  that,  though  the  lines  of  the  burning  magncs — ■* 
ium  were  seen  to  fall  upon  the  corresponding  dark  lines  b  iii  «-^ 
the  moon  or  sky.  yet  a  careful  observation  would  show  a^^^ 
very  minute  overlapping  of  the  bright  lines  toward  the  blue.  _  -^ 
This  state  of  things  would  diminish  a  little  the  interval*' 
which  should  be  seen  between  the  nebular  line  and  the  term-— - 

inaiion  of  the  magnesium-flame  band,  and  so  make  the  oh 

servation  more  difficult.    It  is  evident  that  il'  under  such  cir- 

cumstances  of  adjustment  the  nebular  line  were  seen  on  ilic 
more  refrangible  side  of  the  magnesia  band,  the  observntioib^^H 
being  a  delicate  one,  would  be  more  trustworthy,  for  in  th^^H 
case  of  coincidence  with  magnesium  the  line  would  nppea^^H 
towards  the  opposite  and  less  refrangiblesidc  of  the  tna^^^H 
nesia  line,  broadening  the  line  towards  the  red   {loc.   sit.  V^^M 

The  stability  of  this  adjustment  depends  upon  the  rigidhj^^l 
of  position  of  the  little  mirror  within  the  telescope;  as  tht^^| 
weighs  only  the  small  fraction  of  an  ounce,  and  is  supporte^^H 
by  a  strong  steel  arm  firmly  attached  by  four  screws  to  tb^^H 
steel  tube  of  the  telescope,  thA-e  is  an  almost  complete  ab^^| 
sence  of  any  chance  of  its  displacement.  During  t\veln^^| 
months  not  the  smallest  alteration  has  been  detcctn^^^| 
though  very  careful  examinations  have  been  frcquentl^^^l 
made.  .  ^^H 

At  the  time  the  comparisons  were  made  last  year,  nnmclr, 
in  March,  the  nebula  was  getting  low.  and  from  perha[>s  an 
excess  of  caution  I  described  them  as  follows:    "Although  I 
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consider  the  results  to  be  satisfactory,  I  prefer  to  say  that  I 
and  Mrs.  Hnggins,  independently,  believed  fully  at  the  time 
that  we  saw  the  appearance  which  all  former  observations 
of  the  line  led  me  to  expect,  namely,  the  nebular  line  to  fall 
within  the  termination  of  the  magnesium  band"  {loc.  cit. 
p.  49.) 

This  year  the  position  of  the  nebular  line  within  the  termi- 
nation of  the  magnesia  band  has  been  confirmed  by  both  of 
us  independently  on  several  nights. 

The  more  refrangible  position  of  the  nebular  line  relatively 
to  the  termination  line  of  the  MgO  band  has  been  ascer- 
tained not  only  by  repeated  comparisons  of  the  two  spectra 
by  means  of  a  suitably  illuminated  pointer,  but  also  this 
year,  as  last  year,  by  occasional  moments  of  direct  vision  of 
the  nebular  line  upon  and  within  the  magnesia  band.  It  is 
only  occasionally  that  the  necessary  relative  brightness  of 
the  band  can  be  secured,  but  such  moments  of  direct  vision 
of  the  two  spectra  are  very  trustworth}'. 

On  February  9th  Professor  Liveing  made  some  observa- 
tions on  the  spectrum  of  the  nebula,  and  I  have  his  permis- 
sion to  quote  from  the  notes  which  he  entered  at  the  time  in 
my  observatory  book.  During  the  afternoon  he  examined 
the  adjustments  of  the  little  mirror.  His  words  are:  **  Ob- 
served in  Dr.  Huggins'  spectroscope  attached  to  his  telescope 
the  Fraunhofer  lines  b,  as  given  by  the  clouds,  and  the 
bright  lines  of  burning  magnesium  thrown  in  b}'  reflection. 
The  solar  spectrum  was  but  faint,  so  that  it  was  necessary 
to  use  rather  a  wide  slit.  I  observed  a  close  coincidence  be- 
tween the  dark  lines  of  the  sky  light  and  the  bright  lines  of 
the  burning  magnesium;  the  two  overlapped,  but  the  dark 
lines  extended  a  ver^-  little  on  the  less  refrangible  side,  the 
brightest  line  a  little  on  the  more  refrangible  side  beyond  the 
dark  line." 

In  the  evening  he  observed  the  nebula,  and  recorded  his  ob- 
servations in  the  following  words :  **  Observed  the  spectrum 
of  the  nebula  in  Orion,  and  compared  the  position  of  the 
least  refrangible  line  with  the  magnesia  fluting.  The  lat- 
ter was  thrown  in  by  reflection  from  burning  magnesium. 
I  put  the  nebular  line  on  the  pointer  first,  and  then  from 
time  to  time  the  magnesium  was  burnt.  I  made  quite  sure 
that  the  edge  of  the  magnesia  fluting  was  less  refrangible 
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than  the  nebular  line;  repeated  the  observations  several 
times.  Tried  to  see  both  the  nebular  line  and  the  fluting  at 
the  same  time,  but  found  it  hard  to  see  both  at  once,  but  I 
still  came  to  the  same  conclusion,  namely,  that  the  edge  of 
the  fluting  was  less  refrangible  than  the  nebular  line." 

Afterwards  Professor  Liveing  observed   the  third  line  of   ' 
the  nebula,  together  with  Kfi  from  a  vacuum-tube.  He  sars:^ 
"  Compared  the  position  of  the  most  refrangible  of  the  neb-    i 
ular  lines  with  the  F  line  of  hydrogen  thrown  in  by  reflec- 
tion from  a  vacuum-tube,  the  coincidence  seemed  perfect,  as 
the  one  line  fell  upon  the  other." 

We  have  since  gone  further,  and  attempted  a  quantitative 
estimation  of  the  distance  of  the  nebular  line  Avithin  the  ter- 
mination of  the  band.  For  this  purpose  we  made  use  of  the 
minute  apparent  breadth  of  the  illuminated  pointer  tip  ns  a 
measuring  unit.  The  value  of  this  unit  was  determined  by 
measuring  with]  it  the  distance  of  b,  from  h,  in  the  solar 
spectrum. 

Independent  estimations  made  by  both  of  us  on  several 
occasions  agreed  in  assigning  to  this  distance,  after  taking 
into  account  the  minute  displacement  of  the  compari 
spectrum  by  the  little  mirror  towards  the  blue, 

A  wave-length  of  about -t  OOOlJ 

Deducting  this  distance  from  i  5006.5.  the  position  of  t! 
termination  of  the  band,  we  get  for  the  nebular  line 

.\  position  of  about i  50O5.d 

At  the  time  of  these   observations   the   earth's  motioj 
caused  the  nebular  line  to  be  degraded  toward   the  red  I 
about  i  0000.25.    If,  therefore,  the  great  nebula  has  no  i 
tion  of  its  own,  this  interval  must  be  deducted  from  the  of 
served  position  of  the  nebular  line. 

Placing  it  at  about i  5004.7 

The  observations  recorded  in  the  paper  of  1874*  gave  t 
position  of  the  nebular  line  relatively  to  the  fiducial  lead  lis 
with  an  accuracy  not  less  than  i  0000.5.    This  relative  post 
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tion  was  translated  into  wave-lengths  in  our  paper  on  the 
Nebula  {loc.  cit.,  p.  45),  showing  that  the  nebular  line  lies 
from  about  X  5004.6  to  about  5004.8. 

The  question  whether  this  nebula  has  a  motion  in  the  line 
of  sight  must  be  determined  by  comparisons  of  the  third 
line  with  the  corresponding  bright  line  of  a  hydrogen 
vacuum-tube.  The  observations  I  recorded  in  1874,  as  well 
as  those  of  Mr.  Maunder,  of  Greenwich  {loc,  cit,)^  "show 
that  the  nebula  has  very  little,  if  any,  sensible  motion  in  the 
line  of  sight." 

The  direct  comparison  was  made  on  several  nights  with 
results  similar  to  the  observation  that  Professor  Liveing  re- 
corded on  February  9,  namely,  that  **  the  coincidence  seemed 
perfect  as  the  one  line  fell  upon  the  other." 

We  have  endeavored  to  push  this  observation  further,  to 
determine  if  the  coincidence  was  absolute,  or  whether  there 
was  a  very  minute  overlapping  of  the  edges  of  the  two  lines. 
The  adjustment  of  the  apparatus  would  throw  the  hydrogen 
line,  to  a  very  minute  extent,  towards  the  blue,  at  the  same 
time  that  the  earth's  motion  would  degrade  the  nebular 
line  from  the  hydrogen  line  towards  the  red. 

The  faintness  of  the  third  line  with  a  narrow  slit  does  not 
permit  us  to  speak  with  absolute  certainty  as  to  the  extent 
which  the  hydrogen  seemed  to  overlap  the  nebular  line  to- 
wards the  blue. 

We  were  quite  certain  that  the  hydrogen  line  did  overlap 
the  nebular  slightly  towards  the  blue,  but  we  were  unable 
to  determine  whether  the  overlapping  corresponded,  accu- 
rately to  the  earth's  motion  at  the  time  of  observation.  It 
appeared  to  do  so  approximately,  which  would  support  my 
former  cqnclusion,  that  the  **  nebula  has  very  little,  if  any, 
sensible  motion  in  the  line  of  sight." 

Part  II. 

On  the  Character  of  the  Principal  Line  in  the  Spectrum  of 

the  Nebula  in  Orion, 

In  our  paper  last  year  (loc.  cit.y  p.  53)  I  stated  that  **my 
own  observations  of  this  line,  since  mv  discovery  of  it  in  1864 
.  .  .  show  the  line  to  become  narrow  as  the  slit  is  made 
narrow,  and  to  be  sharpl}-  and  perfectly  defined  at  both 
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edges."  We  gave  also  the  corroborative  evidence  of  two  ac- 
curate observers  who  have  made  a  special  study  of  the  spec- 
trum of  gaseous  nebulae,  Professor  Vogel  and  Dr.  Copetand. 

Since  last  year  the  defining  power  of  the  spectroscopes  haa 
been  improved  by  two  new  object  glasses  by  Sir  Howard 
Grubb.  The  nebular  hne  has  been  subjected  on  several 
nights  to  a  very  searching  examination  with  different 
widths  of  slit;  and  with  different  magnifying  powers  on  two 
spectroscopes — the  one  with  a  single  prism  of  60^,  the  other 
the  "  four-prism  "  spectroscope  {loc.  cit..  p.  49). 

We  came  to  the  conclusion  that  a  marked  feature  of  this 
line  is  its  sharply  defined  character  on  the  more  refrangible 
side,  we  were  nnable  under  any  of  the  conditions  of  observ- 
ing to  detect  even  a  suspicion  of  any  softening  of  the  more 
refrangible  edge  of  the  line;  much  less  the  faintest  indication 
of  a  "  flare,"  and  certainly  not  the  distinctive  pcculinrit; 
a  "fluting." 

In  the  case  of  observations  with  smalt  dispersion,  the  e; 
is  helped  by  placing  the  second  line,  which  then  appears  near 
the  first,  behind  a  bar  fixed  in  the  eye-piece. 

Observations  of  the  nebula  in  Orion  by  eye,  as  well  as  the 
photographs  of  Mr.  Common  and  of  Mr.  Roberts,  show 
numerous  small  irregularities  in  the  brightnessof  the  nebula, 
which  give  rise  to  a  closely-mottled  appearance.    As   the 
length  of  the  slit  takes  in  a  considerable  angular  extent  of 
nebula,  several  of  these  irregularities  of  brightness  or  "  mot- 
tlings  "  are  usually  included  within  it,  giving  to  the  nebular 
lines  an  irregularly  bright  or  blotchy  appearance.     As  the 
nebula  is  allowed  to  pass  over  the  slit  this  blotchy  appear- 
ance is  seen   to   vary  in  the  size  and  in  the  number  of  the. 
brighter  patches,  and  also  in  their  brightness  relatively 
the  less  luminous  spaces  between  them.    At  the  first  gli 
in  some  positions  of  the  slit  upon  the  nebula,  the  lines,  ai 
especially  the  principal  line  as  the  brightest,  appear  serral 
at  the  edges,     A  little  attention  soon  shows  that  this  is 
purely  physiological  effect  due  to  the  greater  brightness 
the  patches,  and  that  the  brighter  parts  of  the  line  do  ni 
really   project  beyond  the  less  brilliant   intervals  bctw 
them.    One  marked  character  of  this  phenomenon  is  thi 
both  edges  of  the  lines  appear  equally  serrated,   and   that 
there  is  no  indication  of  a  spreading  of  the  brighter  imtches 
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towards  the  blue  only.  It  is  easily  ascertained  that  this 
more  or  less  patchy  conditioi/is  not  peculiar  to  the  principal 
line,  for  precisely  the  same  patches  can  be  detected  in  the 
other  two  lines,  which  can  be  seen  to  correspond  in  number 
and  in  position  within  the  lines. 

These  observations,  repeated  on  several  nights,  have  left 
no  doubt  in  our  minds  that  the  principal  line  is  certainly  as 
sharp  and  as  bright  on  the  side  towards  the  blue  as  on  the 
less  refrangible  side. 

On  February  9,  Professor  Liveing  scrutinized  the  character 
of  this  line.  His  words  are:  ** Observed  the  nebular  line 
with  various  widths  of  slit.  The  line  always  appeared 
sharply  defined  on  the  more  refrangible  side,  whether  the  slit 
were  wide  or  narrow.  On  gradually  closing  the  slit,  the  line 
fined  down  to  a  very  fine  line.  The  same  appearance  as  to 
sharpness  on  the  more  refrangible  side  was  observable  with 
a  spectroscope  of  less  dispersive  power  and  with  eye-pieces 
of  low  power  as  with  the  higher  dispersion  and  greater 
magnification." 

The  observations  recorded  in  this  paper  appear  to  us  to 
show  conclusively : 

(1.)  That  the  principal  line  is  not  coincident  with,  but 
falls  within,  the  termination  of  the  magnesium-flame  band. 

(2.)  That  in  the  nebula  of  Orion  this  line  presents  no  ap- 
pearance of  being  a  **  fluting." 

It  is  scarcely  needful  to  say  that,  in  the  face  of  the  observ- 
ations recorded  in  this  paper,  we  are  not  able  to  accept  the 
conclusions  of  Professor  Lockyer's  recent  papers,  namely: 
"On  the  Chief  Line  in  the  Spectrum  of  the  Nebulae,"  **No'te 
on  the  Spectrum  of  Orion, V  and  **  Preliminary  Note  on 
Photographs  of  the  Spectrum  of  the  Nebula  in  Orion."  We 
observe  that  Professor  Lockyer  confirms  my  statement 
made  in  1874,*  that  the  second  line  **is  sensibly  coincident 
with  an  iron  wave-length  4957"  (Thal^n,  X  4956.8;  Liveing 
and  Dewar,  ^  4956.9);  and  also  that  Professor  Lockyer's 
photographs  confirm  my  photographs  of  1882,  1888,  and 
1889,  in  that  it  is  a  single  strong  line,  and  not  a  triplet, 
which  appears  in  the  ultra-violet  region,  and  that  this 
strong  line  is  more  refrangible  than  the  first  component  of 
the  magnesic  oxide  triplet. t 

•  'Roy.  Soc.  Proc./  vol.  22,  p.  252. 
t  'Roy.  Soc.  Proc.,'  vol.  "*6,  p.  5+. 
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1.  Addendum  on  the  Position  of  the  Line. 

One  of  the  planetary  nebulae,  in  the  spectra  of  which  I 
found  in  my  earlier  comparisons  with  lead*  in  1874,  that  the 
principal  line  had  sensibly  the  same  position  as  the  corres- 
ponding line  in  the  nebula  of  Orion  was  -.  5  (G.  C.  4234). 
We  have  now  compared  again  the  principal  line  in  this 
nebula  with  the  lead  line  X  5004.5  with  the  same  spectro- 
scope (spectroscope  B,  3  eye-piece)  and  an  arrangement  for 
the  comparison  spectrum  similar  to  that  described  in  the 
first  part  of  this  paper,  but  in  which  the  small  mirror  has 
been  replaced  by  a  very  small  total  reflecting  prism.  The 
correctness  of  position  of  the  comparison  spectrum  was 
ascertained  by  repeated  comparisons  of  the  bright  lines  of 
magnesium  at  b  with  the  corresponding  dark  lines  in  the 
sun*s  light  reflected  from  the  skj'. 

When  in  this  spectroscope  the  spectrum  of  lead  is  observed 
together  with  that  of  burning  magnesium,  the  lead  line  is 
seen  to  fall  within,  and  to  be  separated  by  a  clear  space 
from,  the  terminal  line  of  the  magnesium-flame  fluting. 

The  principal  line  of  -.  5,  like  that  of  the  nebula  of  Orion, 
appears  when  the  slit  is  made  narrow  to  be  very  thin  and 
clearly  defined  at  both  edges.  The  lead  line  is  a  thin  and 
defined  line;  if,  therefore,  the  nebular  line  were  coincident 
with  the  terminal  line  of  the  magnesium-flame  fluting,  it 
would  appear  in  the  spectroscope  to  be  separated  by  a  clear 
space  from  the  lead  line  towards  the  red.  As  the  angular 
diameter  of  the  nebula  is  small,  the  line  is  much  shorter^han 
the  lead  line — not  longer  than  about  one-third  of  the  height 
of  the  spectrum,  and  consequently  its  position  relatively  to 
the  lead  line,  even  when  it  falls  partly  upon  it,  can  be  very 
accurately  determined. 

The  nebular  line  was  seen  as  a  short  thin  bright  line,  part- 
ly upon,  and  partly  clinging  to,  the  lead  line.  The  nebular 
in  our  instrument  certainly  fell  upon  the  lead  line,  but  over- 
lapped it  a  very  little,  though  not  so  much  as  by  half  its 
breadth,  on  the  less  refrangible  side.  This  position  agrees 
precisely  with  that  described  in  my  early  observations  made 
nearly  twenty  j'ears  ago,  when  I  employed  for  the  first  time 
lead  as  a  fiducial  comparison  line.t    As  I  stated  in  1874,t 


•  'Rov.  Soc.  Rroc./  vol.  22,  1874-.  p.  254-. 
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**  If  the  greater  prism  power  could  be  brought  to  bear  upon 
the  nebulae,  the  line  in  the  lead  spectrum  would  be  found  to 
be  in  a  small  degree  more  refrangible  than  the  line  in  the 
nebula;"  and,  of  course,  if  sufficient  power  of  dispersion 
were  employed,  the  nebular  line  would  be  seen  separated 
from  the  lead  line  towards  the  red,  and  not  as  in  our  instru- 
ment, partly  upon  the  lead  line. 

These  observations,  both  those  by  myself  in  1874,  and  the 
recent  observations  made  by  both  of  us  independently  on 
four  different  nights,  place  the  nebular  line  exactly  where  it 
was  found  to  be  by  our  direct  comparisons  with  burning 
magnesium  with  the  nebula  of  Orion  (which  were  confirmed 
by  Professor  Liveing),  namely,  as  not  coincident  with,  but 
as  falling  within,  the  terminal  line  of  the  magnesium-flame 
spectrum. 

It  should  be  stated  that  on  two  nights  we  made  compari- 
sons of  -.  5  with  burning  magnesium,  both  directly  and  in- 
directly by  means  of  the  illuminated  pointer.  The  observa- 
tions completely  confirmed  the  results  of  the  lead  compari- 
sons, which  were,  however,  more  easily  made,  as  it  is  diffi- 
cult to  see  the  exact  position  of  the  short  nebular  line  when 
it  is  upon  the  bright  fluting. 

2,    Addendum  on  the  Character  of  the  Line. 

I  am  permitted  by  Dr.  Copeland,  Professor  Young,  and 
Mr.  Keeler,  of  the  Lick  Observatory,  to  quote  the  following 
observations  which  they  have  been  so  kind  as  to  make  at 
my  request,  of  the  character  of  the  principal  line  in  the  spec- 
trum of  the  great  nebula  in  Orion. 

Dr.  Copeland  writes,  dated  March  26, 1890:  '*I  find  it  dif- 
ficult to  make  anything  satisfactory  of  nebular  spectra  with 
my  present  apparatus,  working  in  the  smoke  of  Edinburgh. 
.  .  .  On  the  14th  I  saw  the  three  lines  as  well  as  I  am  likely 
to  see  them  until  we  get  to  work  at  the  new  Observatory . 
All  the  lines  were  just  as  broad  as  the  slit ;  when  the  slit 
was  wide  open  they  were  broad,  and  when  the  slit  was 
closed  slowly  they  gradually  became  narrower  and  nar- 
rower." 

Professor  Young,  writing  on  March  21,  1890,  says:  **I 
have  not  been  able  this  winter  to  try  the  observations  for 
wave-length,  having  no  convenience  for  the  comparison  spec- 
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trum,  but  I  have  carefully  examined  the  spectrum  of  the 
nebula  of  Orion,  both  with  a  heavy  glass  prism,  and  with  a 
grating  of  14,000  to  the  inch,  and  a  collimator  of  16  inches 
focus.  With  the  prism  the  brightest  nebular  line  seemed  ab- 
solutely sharp f  and  cleanly  defined  on  both  sides ;  with  the 
grating  the  line  was  fainter,  and  I  could  not  use  so  narrow 
a  slit,  the  dispersion  was  much  higher  also ;  the  line  there- 
fore was  a  little  hazy,  but  equally  so  on  both  sides. 

At  the  Lick  Observatory  there  was  a  continuance  of  bad 
weather  during  the  early  months  of  the  year,  but  Mr. 
Keeler,  with  Professor  Holden's  kind  permission,  observed 
the  nebula  on  two  nights.  He  observed  successively  with 
on^  prism,  a  powerful  compound  prism,  and  then  with  a 
Rowland  grating,  14,000  +  lines  to  the  inch.  With  this 
grating,  the  collimator  was  twenty  inches  in  length,  the  ob- 
serving telescope  10%  inches,  with  an  eye-piece  magnifying 
13.3  times.  The  slit  was  narrow,  0.0025  inch.  The  spectra 
up  to  the  fourth  order  were  employed. 

Mr.  Keeler  says:  One  thing  that  struck  me  particularly, 
and  that  there  could  be  no  doubt  of,  was  the  perfect  sharp- 
ness and  fineness  of  the  nebular  lines  under  the  very  consid- 
erable dispersion  used.  There  is  not  the  least  doubt  in  my 
mind  that  they  are  all  of  gaseous  origin — not  'remnants  of 
flutings." 

P.  S.  June  15.  Received  a  telegram  from  the  Lick  Observ- 
atory to  say  that  Mr.  Keder  has  confirmed  my  position  of 
the  principal  line  of  the  spectrum  of  -.  5. 


NOTE   ON   THE    PHOTOGRAPHIC    SPECTRUM    OF  THE   GREAT 

NEBULA  IN  ORION. 


WILLIAM  HUGGINS,  D.  C.  L.,  LL.  D.,  F.  R.  S.,  and  MRS.  HUGGINS. 


From  an  examination  of  the  photographs  of  the  spectrum 
of  the  uebula  in  Orion  taken  by  us  in  1882,  1888,  and  1889, 
we  suggested  in  our  paper  **0n  the  Spectrum,  Visible  and 
Photographic,  of  the  Great  Nebula  in  Orion,"*  **that  the 
mottled  and  broken-up  character  of  the  nebular  matter 
shown  in  Lord  Rosse's  drawings  from  ej'e-observations,  and 
much  more  strikingly  brought  out  in  the  recent  photographs 
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of  Mr.  Common  and  of  Mr.  Roberts,  may  be  connected  with 
difierences  of  spectrum  in  the  photographic  region,  though 
in  the  visible  region  there  is  no  known  alteration  of  the 
spectrum  of  the  four  bright  lines,  except  it  may  be  some 
small  differences  of  relative  brilliancy  of  the  lines.  Until  next 
winter  we  connot  go  beyond  the  new  information  which 
these  photographs  give  to  us." 

Unfortunately,  the  neccessity  thrown  upon  us  of  making  a 
laborious  redetermination  of  the  position  and  character  of 
the  principal  line  in  the  visible  spectrum,  which  has  con- 
firmed in  every  point  the  results  contained  in  our  paper  of 
last  year  {loc.  cit,)y  has  deprived  us  of  the  more  favorable 
opportunities  during  the  past  season  of  carrying  out  our  in- 
tention of  photographing  the  spectrum  of  different  parts  of 
the  nebula. 

We  have  obtained  two  photographs  only,  one  taken  on 
March  14th  and  15th,  and  the  other  on  March  17th;  but 
these  suggest  how  much  information  a  spectroscopic  exam- 
ination by  photography  of  the  nebula  in  detail  would  prob- 
ably  give  to  us. 

These  photographs  taken  of  almost  the  same  part  of  the 
nebula  as  the  photograph  of  1889  showed,  to  our  surprise, 
the  lines  of  hydrogen  at  h  and  at  H  strongly  impressed  upon 
the  plate,  though  these  lines  were  carefully  searched  for  in 
vain  in  our  former  photographs ;  in  them  no  trace  of  these 
lines  could  be  detected,  but  the  line  near  G  was  strong,  and 
there  was  present  a  large  number  of  faint  lines  of  some  of 
which  the  approximate  measures  were  given  in  our  paper. 

The  new  photographs  show  not  only  the  lines  of  hydrogen 
at  h  and  H,  but  also  the  first  two  lines  of  the  ultra-violet 
series  in  the  white  stars  which  I  described  in  1879.*  Four 
of  these  lines  had  been  photographed  in  the  spectrum  of  hy- 
drogen by  Dr.  H.  W.  Vogel,  in  1879,  and  the  entire  series, 
with  the  exception  of  one,  has  been  since  obtained  by  Cornu 
in  exceptionally  pure  hydrogen. t 

The  line  a  at  a  3887.8  is  strong,  and  the  next  line  ft  at 
3834.5,  though  much  fainter,  is  certainly  present.  There  is 
evidence  of  light-action  on  the  plate  at  the  position  of  the 
line  r  which  we  believe  to  be  present ;  and  we  suspect,  from 

•  Thil.  Trans..'  1880.  p.  669. 
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traces  of  photographic  action,  that  one  or  more  of  the  other 
lines  of  the  white  star  series  might  have  come  out  with  a 
longer  exposure. 

It  is  not  necessary  to  point  out  in  the  present  note  the  im- 
portance of  the  presence  of  these  more  refrangible  lines  of 
hydrogen  in  respect  of  the  view  we  have  to  take  of  the  con- 
dition of  things  in  the  nebula.  In  this  connection  it  is  sig- 
nificant that  the  hydrogen  lines  are  sensibly  stronger  and 
broader  as  the  Trapezium  with  its  stars  is  approached. 

Between  the  hydrogen  lines  a  and  /3  there  is  a  line  stronger 
even  than  «,  which  has  a  wave-length  of  about  ^  3868. 

We  do  not  find  any  line  in  the  photograph  exactly  at  the 
place  of  the  solar  line  K ;  the  position  of  this  line  appears  to 
correspond  to  a  gap  between  two  lines  on  the  plate.  We 
suspect  the  broad  hne  on  the  less  refrangible  side  of  the  place 
of  K  would  probably  be  resolved  by  a  narrower  slit  into 
two  or  more  lines. 

The  strong  line  which  was  first  seen  in  our  photograph  of 
the  nebula  taken  in  1882  is  certainly  stronger  than  Hr,  and 
is  by  far  the  most  powerful  line  in  the  photographic  region. 
On  account  of  the  wide  slit  employed  in  my  original  photo- 
graph, I  put  the  line  at  about  A  3730 ;  from  measures  of  the 
line  in  a  photograph  taken  in  1889,  with  a  narrower  slit,  we 
found  that  its  position  was  more  refrangible,  and  we  gave 
the  approximate  wave-length  "about  ^3724."  There  was 
necessarily^  some  difficulty  in  determining  its  position  exact- 
ly on  account  of  the  small  scale  on  which,  from  the  faintness 
of  the  light  of  the  nbbula,it  is  desirable  with  the  telescope  at 
our  disposal  to  take  the  photographs,  and  also  because  in 
the  nebular  spectrum  itself  we  had  no  fiducial  line  nearer 
than  Hr.  In  the  photographs  taken  this  year  we  have  the 
advantage  of  the  known  position  of  the  hydrogen  line  at  H, 
and  with  the  help  of  this  line  our  recent  measures  show  that 
the  **about''  must  be  interpreted  as  slightly  less  refrangible 
than  ^  3724.  Without  attempting  to  fix  its  position  abso- 
lutely, we  believe  that  the  line  will  be  found  to  fall  between 
X  3725  and  ^  3726.  It  is,  however,  now  certain  that  the  Hne 
does  not  coincide  with  any  of  the  three  components  of  the 
magnesic  oxide  triplet,  but  is  less  refrangible  than  the  middle 
line  at  A  3724,  and  falls  between  this  line  and  the  first  line  of 
the  triplet  at  /  3730. 
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In  these  photographs  there  is  a  strong  line,  besides  many 
faint  lines,  on  the  less  refrangible  side  of  G. 

The  background  of  the  spectrum  is  seen  to  contain  numer- 
ous faint  lines,  which  as  far  as  we  have  been  able  to  identify 
them,  are  the  same  as  thos*^  seen  in  our  earlier  photographs, 
of  some  of  which  approximate  measures  were  given  in  our 
paper,  but  they  are,  possibly  on  account  of  a  slightly  wider 
slit,  not  so  easily  measured  as  they  were  in  the  former  pho- 
tographs, in  which  no  trace  of  the  hydrogen  lines  at  h  and 
at  H  could  be  detected. 

A  marked  feature  of  the  lines  is  their  abruptly  different  in- 
tensities at  diflFerent  parts  of  their  length,  giving  the  blotchy 
appearance  which  is  characteristic  of  the  lines  in  the  visible 
spectrum,  and  which  we  have  described  in  our  recent  paper 
"On  a  Redetermination  of  the  Position  and  Character  of  the 
Principal  Line  in  the  Spectrum  of  the  Nebula  in  Orion." 
The  length  of  the  slit  takes  in  a  large  angular  extent  of  the 
nebula,  and,  therefore,  usually  includes  within  it  one  or  more 
of  the  brighter  "mottlings"  which  are  so  well  shown  in 
photographs  of  the  nebula.  It  is  to  be  remarked  that  these 
brighter  blotches  are  sharply  bounded,  showing  that  the 
different  parts  of  the  nebula  are  distinct  and  become  sudden- 
ly brighter  than  the  neighboring  parts. 

The  lines  of  the  new  photographs  contain  two  very  strong 
and  abruptly-bounded  blotches,  and  a  third  one  less  marked. 

These  bright  blotches,  corresponding  to  different  condi- 
tions of  closely-adjacent  nebular  matter,  give  an  explanation 
of  an  appearance  which  we  recorded  last  year  in  speaking  of 
the  strong  line  **  about  X  3724.''  **0n  one  side  of  the  star- 
spectra  this  line  is  a  little  broader  than  on  the  other  side ; 
but,  as  a  similar  appearance  is  presented  by  Hr  and  the 
stronger  lines  of  the  group,  it  may  arise  from  some  optical 
or  photographic  cause."* 

We  now  learn  that  this  difference  in  two  parts  of  the  lines 
indicates  a  different  condition  of  the  nebula  on  the  two  sides 
of  the  star-spectra. 

Other  lines  besides  those  described  in  this  note  are  present, 
not  only  between  G  and  F,  but  also  on  the  more  refrangible 
side  of  the  strong  line  about  ^  3725. 


•  'Roj.  Soc.  Proc.,'  vol.  4-6,  p.  54-. 
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The  importance  of  the  new  points  which  have  come  oa* 
from  these  photographs  makes  us  regret  that  we  must  pr>sC 
pone  a  fuller  examination  and  discussion  of  the  spectrcm  ( 
different  parts  of  the  nebula  until  its  return  nest  year. 


WILLIAM   HICGINS.  D.  C.  L..  LL.  D.  F  R.  S..  »<1D  MBS    HL'GGLNS 

In  1879,*  I  gave  an  account  of  a  series  of  broad  lines  i 
the  photographic  region  of  the  spectrum  which  was  foam 
to  be  characteristic  of  Sinus,  Vega,  and  other  white  stare— 
and  which  was  identilied  as  a  continuation  of  the  specEniic^^  I 
of  hydrogen  beyond  H.t    In  the  photographs  of  Sinus  wlii 
I  had  taken  up  to  that  time,  I  was  not  able  to  l)e  certain  % 
the  two  most  refrangible  of  the  lines,  "  and  -■,  were  prt 
This  uncertainty  has  been  set  at  rest  by  photographs  tal 
since,  in  which  the  complete  series  of  the  hydrogen  lines,  n 
eluding  c  and  ;,  come  out  with  great  distinctness. 

I  have  long  suspected  the  presence  of  another  group  4 
broad  lines  some  distance  further  on  in  the  ultra-violet  i 
gion,  but  until  this  year  we  have  not  been  able  to  see  tha 
in  the  photographs  with  sufficient  distinctness  to  be  able  t 
make  even  roughly  approximate  measures  of  their  positioiM 

On  April  4th,  a  photograph  of  the  spectrum  of  Sinus  v/fi 
taken  with  a  long  exposure,  the  slit  Iwiog  made  very  nsj 
row,  in  the  hope  of  bringing  out  this  new  group  of  lini 
with  greater  distinctness.     This  plate  shows,  on  examn 
tion.  that  the  spectrum  of  Sirius,  after  the  termination  i 
the  hydrogen  series,  remains,  as  far  as  we  can  sec  at  pre 
free  from  any  strong  lines  until  a  position  as  far  in  the  ultt 
violet  as  about '-  333S  is  reached,  at  which  place  appears  the" 
first  of  a  group  of  at  least  six  lines,  all  nearly  as  broad  as 
those  of  the  hydro^n  series.    The  third  line  of  the  group 
about  /  3278  appears  to  be  the  broadest,  but  they  are  i 
broad,  though  even  in  this  photograph  they  are  i 
■with  the  distinctness  which  is  necessary  for  ascertaining  i 
curately  their  relative  character. 


tH.  W   Vogel.    Berli 
de  Phj-slttuc?  Sod  acr. 


A.    BerliD.  Akad 
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The  sixth  line  occurs  where  the  spectrum  is  faint,  almost 
at  the  limit  of  this  photograph,  which  was  taken  when 
Sinus  was  some  distance  past  the  meridian,  and  we  are  not 
able  to  find  out  whether  this  line  completes  the  group,  or 
whether  there  maj'  be  other  lines  still  more  refrangible  be- 
longing to  it.  We  expect  to  be  able  to  determine  this  point, 
namely,  whether  the  group  ends  with  the  sixth  line,  when 
the  opportunity  comes  round  of  being  able  to  photograph 
the  star  when  it  is  near  the  meridian. 

The  new  group  of  six  lines  is  well  seen  when  the  photo- 
graph is  examined  with  a  lens,  but  when  the  plate  is  placed 
under  the  measuring  microscope  it  is  only  with  some  diffi- 
culty that  the  lines  can  be  observed  with  the  distinctness 
which  is  necessary  for  measuring  them  with  a  fair  approach 
of  accuracy. 

For  this  reason,  the  wave-lengths  given  below  must  be 
regarded  as  only  preliminary,  and  but  roughly  approximate 
measures  of  the  positions  of  the  new  lines. 

1st  Line ^3338 

2nd    **    A  3311 

3rd     "    A  3278 

4th     '•    A  3254 

5th      *    «3226 

6th     "    A  3199 


Tea  Year  Catalogue  of  4059 Stars  deduced  from  observations  extending 
from  1^77  to  1886  at  the  Roval  Observatory,  Greenwich,  has  l)een  re- 
ceived.  This  catalogue  and  the  other  publications  that  follow  were  made 
trader  the  direction  of  W.  H.  M.  Christie,  Astronomer  Roval,  and  is  reduced 
to  the  epoch  of  1880.  It  is  ap|)endix  II  to  the  Vol.  of  Greenwich  Observa- 
tions for  the  vear  1887. 


Appendix  III  to  Greenwich  Observations  1887  contains  the  recomputa- 
tion  of  the  position  of  the  ecliptic,  from  observations  of  the  sun,  in  the 
years  1877-1886;  also,  corrections  to  refractions  of  stars,  sun,  moon,  and 
planctSp  for  revised  readings  of  the  exterior  thermometer,  and  of  the  barom- 
eter in  the  vcars  1877-1886. 

Greenwich  Magnetical  and  Meteorological  Results  for  1887  is  a  very 
ttsefbl  volume,  in  quarto  form  containing  87  pages. 

Greenwicb  Astronomical  Results  for  1887  presents  the  work  of  the 
Transit-Circle,  as  extracted  from  the  work  of  the  year.  It  is  in  convenient 
form  for  reference. 
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THE  PLANETS. 

Mertary  has  just  pasNnI  superior  conjunction  and  is  coming  townr^^* 
Da  on  the  cast  aide  ol'  the  sun.     It  will  be  in  excellent  position  fbr  dnvl^^'Sil 
observation  in  the  northern  hemisphere  during  tlie  raonlli  of  Aufjust. 
will  be  at  greatest  elongation,  east  from  the  sun  27"  on  Sept.  3,  and 
inferior  conjnnction  Sept.  29.    Mercury  will  be  in  canjugction  wHh  Saitn 
south  3+'.  Ang,  9  at  11  P.  M. 

In  The  Observatory.  June.  189(t,  Mr.  W.  E.  flummer  gives  a  review 
nn  interesting  paper  on  "The  Masa  of  Mercury"  by  Dr.  MaenltL   The  mc 
of  Mercnry  is  very  difficult  to  iletennine,  since  it  has  no  satellite,  and  C 
Talues  determined   from    the   pcrtubfitiana  of  comets,  csiieciaily 
comet,  vary   widely,      Dr.   Ilacrdtl,   however,   by  methods  differing 
tliosc  used  before,   has  obtained   ijuite  accordant    vnlues   from    A\i 
sources: 

I,     Mfl9S  of  Mercury  =  jo  1^847  from  Winnecke's  Comet. 
I!.  '■  "'        ^ssijtiio  Le  Verrier's  equation  modUiw)-  1 

III.  ■'  ■■        =  snrijTxi  EneVe's  Comet,  1819-1868. 

IV.  ■■  ■■         =  sBffJ-rao  Encltc's  Comet,  1871-188S. 
The  fractions  express  the  ratio  of  the  mass  of  Mercury  lo  tli«t  of 

flun. 

Venus  is  growing  still  more  brilliant  in  Uie  evening  sky,  ab«nt«- 
tenths  of  her  disk  being  illuminated.  She  is  approching  the  earth  rapi  ^'3' 
so  that  the  increase  in  siie  of  the  disk  more  than  compensates  (or  the  I  *^^* 
of  light  from  the  phase.  Venus  will  be  at  greatest  elongation  cast  from  'f 
sun  W  34',  Sept.  23.  She  will  be  in  conjunction  with  Tranos.  sn'Utli  2* 
Sept.  2.  at  5  P.M.  ^^  . 

Afars  has  passed  his  best  position  for  observation  this  year,  birtj{<»«^^r  J 
views  may  be  obtained  during  the  next  two  months.    His  cc 
will  be  almost  due  east,  from  the  middle  of  Scorpio  la  the  middle  of  S 
tarius.      Mats  will  be  in  quadrature.  90°  east  from  the  sun  Sept.  21  a 
his  greatest  southern  latitude  Sept.  27.    Xn  interesting  article  entitled  " 
Geologic  et  la   Planete  Mara,"  by  M-  Daubtee,  is  contained  in  the  Jn 
1690.  nun)l)ev  of  L'Astronomk.      It  gives  the  desirri])tion  i  " 
experiments  made  by  M.  Daubree  to  explain  the  formation  of  ttie*> 
"  canals  "  on  Mars,  regarding  them  as  liasures  or  folds  tn  the  cmst  of  J 

Jupiter  is  now  in  its  Ijest  position  for  observation   during  thla  ] 
rising  at  about  T  p.  m..  and  setting  at  about  5  a.  m.     Its  souther 
lion  prevents  it  from  reaching  a  very  great  altitude  in  notheru  latittu! 
that  the  most  perfect  views  can  not  be  obtained  here.      It  will  dcecriU^ 
very   short   retrograde   path  in  the  head  of   Capricorn  daring  the  t 
months.    A  long  article,  well  illustrated  and  very  interesting,  o 
Jupiter,  by  M.  Camille  Flammarion  is  contained  in  L' Astroooraie,  Oct.  1 
and  Nov.,  1889,  and  March  and  June.  1890,      The  same  journal  lor  Jm 
n  interesting  note  by  M.  J.  Guillaume,  obserrtr  a 
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nas,  on  the  doabling  of  the  shadow  of  Jupiter's  second  satellite.  A  second 
shadow  fainter  than  the  ordinary  one  was  seen  to  the  north  of,  and  partly 
covered,  by  the  first. 

Saturn  will  be  in  conjunction  with  the  snn  August  30  and  so  will  not 
be  visible  during  the  next  two  months.  Bulletin  Astronomique,  April, 
1890,  contains  an  extensive  article  by  M.  E.  L.  Trouvelot  on  the  phenom- 
ena observed  on  Saturn  about  the  ei)och  of  the  passage  of  the  sun  and 
earth  by  the  plane  of  its  rings  in  1877-1878.  This  article  is  interesting 
and  valuable  in  view  of  the  similar  phenomena  which  are  to  occur  in  1891. 

Uranus  is  getting  too  far  west  in  the  evening  to  admit  of  good  observ- 
ation. He  is  in  Virgo  northeast  of  Spica,  about  1°  south  of  the  fifth  mag- 
nitude star  m  Virginis.  M.  Perrotin,  with  the  30-inch  equatorial  at  Nice, 
has  been  able  to  detect  dark  bands  upon  Uranus  similar  to  those  upon 
Jupiter  {V Astronomic,  June,  1890,  page  231).  He  finds  the  position  an- 
gle of  these  bands  to  be  about  25°,  differing  little  from  the  plane  of  the  satel- 
lite orbits.  These  bands  do  not  always  present  the  same  aspect ;  they  vary 
in  number  and  width  in  different  parts  of  the  circumference  of  the  planet. 
There  is  a  possibility  of  determining  from  these  varying  aspects  of  the 
bands  the  time  of  the  planet's  rotation,  which  is  now  unknown.  M.  Per- 
rotin also  finds  by  careful  measures  that  the  flattening  of  the  poles  of 
Uranus  is  not  less  than  -{^q, 

Neptune  may  be  found  after  midnight  in  Taurus  northwest  of  Aldeb- 
aran,  about  1°  north  and  30'  east  of  the  fourth  magnitude  star  Epsilon 
Tauri.  There  will  be  an  occultation  of  Neptune  on  the  morning  of  August 
9,  but  the  planet  will  probabl\'  be  too  faint  to  be  seen  near  the  moon. 
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Phases  of  the  Moon. 

Central  Time, 
d       h     m 

First  Quarter 1890  Augt  23  7  20  A.  u. 

Pull  Moon "         "  29  10  35  p.  M. 

Last  Quarter *'  Sept  5  9  29    " 

New  Moon "         '^  14  1  53  a.m. 

Pirst  Moon "         "  21  4  05  p.  M. 

Full  Moon •*         "  28  1  00  A.  u. 

Last  Quarter "  Oct  5  2  23  p.  u. 

New  Moon "         "  13  5  05    " 


Phtnomena  of  Jupiter's  Satellites. 


Central  Time. 


Q.        h.  m. 

ag.l6...  8  32  P.M. 

8  58  " 

10  52  " 

11  18  " 
17...  8  36  " 
18...  9  25  '• 
20...  8  24 


44 


I.  Tr.  In. 

I.  Sb.  In. 

I.  Tr.  Eg. 

I.  Sh.  Eg. 

I.  Ec.  Re. 

II.  Oc.  Dis. 

II.  Sh.  E^. 


Central  Time. 

Sept.  7...  6*  56  p.  M.   IV.    Oc.  Dis. 
8...  8  16     "         I.    Tr.  In. 


23^.12  50  A.M.  III.    Oc.  Dis. 


10  16  P.M. 


4t 


10  53 
24...12  36  A.M. 

7  36  P.M. 
25...  7  43 

11  42 

26  8  49 

27  8  07 
9  39 

11  02 


4t 


44 
<4 


4i 


44 


44 


I.  Tr.  In. 

I.  Sh.  In. 

I.  Tr.  Ee. 

I.  Oc.  Dis. 

I.  Sh.  Eg. 

11.  Oc.  Dis. 

III.  Sh.  Eg. 

II.  Sh.  In. 

II.  Tr.  Eg. 

II.  Sh.  Eg. 


it 


4. 


31    12  03  A.M.    lY.  Sh.  Eg. 

I.  Tr.  In. 

I.  Sh.  In. 

I.  Oc.  Dis. 

I.  Ec.  Re. 

I.  Sh.  In. 

I.  Tr.  Eg. 

I.  Sh.  Eg. 

I.  Ec.  Re. 

III.  Sh.  In. 

III.  Tr.  E>r. 

II.  Ec.  Re. 


12  03 
12  48 
9  22  P.M. 
rpt.  1...12  27  A.M. 

7  17  P.M. 

8  49     *• 

9  37 
2...  6  55 

1)  09 

9  33 

5...  7  46 


n 


4< 


<• 


44 


44 


9  12     •* 
9...  8  50     " 

9  22 
13...  6  51 
15...10  04     •' 
16...  7  25 
17...  6  51 

7  56 
19...  7  55 
20...  7  20  '* 
21...  8  12  " 
23...  9  15  " 
24...  7  31 

8  41 

9  38     " 
9  51     " 

25...  7  10     *' 

26...10  22     " 

27...10  08     •* 

28...  7  53     " 

8  23     *' 

Oct.     3...  6  15     " 

5...  7  59     " 

7...  7  33     " 

9...  7  26     " 

10...  6  54 

13...  7  38 


44 
44 


4( 
44 
44 
« 


14 
•  ( 


ti 


44 


I.  Sh.  In. 

I.  Ec.  Re. 

III.  Tr.  In. 

III.  Ec.  Re. 

I.  Tr.  In. 

I.  Oc.  Dis. 

I.  Tr.  Eg. 

I.  Sh.  Eg. 

II.  Oc.  Dis. 

III.  Ec.  Dis. 
II.  Sh.  Eg. 

I.  Oc.  Dis. 

I.  Sh.  In. 

I.  Tr.  Eg. 

IV.  Ec.  Dis. 
I.  Sh.  Eg. 
I.  Ec.  Re. 

II.  Oc.  Dis. 

III.  Oc.  Re. 

II.  Sh.  In. 

II.  Tr.  Eg. 

I.  Sh.  Eg. 

II.  Tr.  In. 

II.  Ec.  Re. 

I.  Oc.  Dis. 

I.  Tr.  Eg. 

III.  Tr.  Eg. 


COMET  NOTES. 


Comet  1890 (Brooks  March  19).     This  comet  is  \'i8ible,  with  the 

id  of  a  small  telescope,  in  the  evening.  It  is  in  the  constellation  Canes 
eaaticif  and  moving  in  a  southwesterly  direction.  The  following  rough 
phemeris,  given  by  Herr  Bidschof  (A.  N.  2970)  shows,  that  thiscomet  will 
e  visible  the  remainder  of  this  year  and  part  of  next  year. 


1890-91. 

a 

I 

J 

logr 

log  J 

Brightness. 

June  30 

14»»44« 

'.6 

+61° 

57' 

0.2881 

0.2511 

2.68 

Ang.  1 

13  11 

.0 

45 

38 

.3121 

.3714 

1.38 

Sept.  2 

12  59 

.9 

34 

56 

.3470 

.4604 

0.78 

Oct.  4 

13  04 

.9 

28 

49 

.3872 

.5058 

0.53 

Nov.  5 

13  11 

.0 

26 

03 

.4288 

.5118 

0.42 

Dec.  7 

13  08 

.0 

26 

31 

.4694 

.4852 

0.40 

Jan.  8 

12  42 

.5 

-f30 

21 

0.5080 

0.4422 

0.40 
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Elements  and  Epbemeris  of  Comet  a  1890  {Brooks  March  19.)     FrooQ 
my  own  observations  of  March  21,  April  21  and  May  24, 1  have  computed 
the  following  elements  and  ephemeris : 


T 

GO 


1890,  June  1  .15896  Gr.  M.  T. 

29°    2'   15''.5 
320   18     55  .6 
1  =  120   30     56  .5 
log  q  =  0.280830  p  =  1.90612 


Gr.  M.  T.     App.  R.  A.   , 

h    m 

App.  Dec. 

o    » 

Log.  r. 

Log.  J. 

Aug.  1.5      13  11.3 

+  45 

39 

0-3126 

0.3718 

2.5         10.4 

45 

14 

3.5          9.5 

44 

48 

4.5          8.7 

44 

24 

5.5          7.9 

43 

59 

0.3166 

0.3852 

6.5          7.2 

43 

36 

7.5          6.5 

43 

12 

8.5          5.9 

42 

49 

1 

9.5          5.3 

42 

26 

0.3206 

0.3982 

10.5          4.8 

42 

4 

11.5          4.3 

41 

42 

• 

12.5          3.9 

41 

20   ' 

• 

1 

13.5          3.5 

40 

59 

0.3248 

0.4103 

14.5          3.1 

40 

38 

15.5          2.7 

40 

17 

16.5          2.4 

39 

57 

17.5          2.1 

39 

36 

0.3292 

0  4218 

18.5          1.8 

39 

16 

19.5          1.5 

38 

57 

20.5          1.3 

38 

39 

21.5          1.1 

38 

20 

0.3336 

0.4325 

22.5          0.9 

38 

2 

23.5          0.7 

37 

44 

24.5          0.6 

37 

26 

25.5          0.5 

37 

8 

0.3381 

0.4427 

26.5          0.4 

36 

51 

27.5          0.3 

36 

34 

28.5          0.3 

36 

18 

29.5          0.2 

36 

1 

0.3428 

0.4520 

30.5          0.2 

35 

4r. 

31.5      13   0.2 

+  35 

29 

0.  C. 

Wendell. 

Harvard  College  Observatory 

'.  July 

2,  1890. 

Bright  Meteor.  On  the  evening  of  May  23  last,  at  7^  10™  Eastern 
standard  time,  I  saw  a  brilliant  meteor  of  dazzling  lustre,  white  wth  a 
bluish  tinge,  pass  across  the  heavens.  The  sun  was  still  shining  brightly 
and  the  skj'  cloudless.  The  motion  of  the  meteor  was  comparatively  slow, 
nearly  horizontal,  4°  degrees  above  the  horizon,  and  covered  less  than  10**. 
,Its  mean  direction  was  S.  24°  E.  The  meteor  was  followed  by  a  discon- 
nected or  broken  train  about  2°  in  length,  inferring  therefrom  an  actual 
combustion  and  not  only  an  optical  illusion.  The  phenomena  ceased  before 
reaching  the  horizon.  o.  M.  j.  klotz. 

Preston,  Ontario,  May  27, 1890. 
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Prominences  in  Mar.  Number  of  observations,  17 ;  number  of  promi- 
xicnces,  74;  mean  number  of  prominences  4.35 ;  greatest  number  in  one  daj', 
T  (on  2d,  18th  and  31st);  highest  prominences,  29th  (58"). 

Distribution  of  Prominences. 


B.  Umb. 

W.  Limb. 

B.  Limb. 

W.  Limb 

0  to  10 

11 

1 

0  to  — 10 

9 

4 

10  to  20 

3 

2 

—  10  to  —  20 

0 

0 

20  to  30 

1 

3 

—  20  to  —  30 

0 

4 

30  to  40 

2 

0 

—  30  to  —  40 

0 

1 

40  to  50 

1 

0 

—  40  to  —  50 

1 

2 

50  to  60 

1 

0 

—  50  to  —  60 

0 

0 

60  to  70 

0 

0 

—  60  to  —  70 

0 

1 

70  to  80 

6 

0 

—  70  to  —  80 

0 

4 

80  to  90 

8 

1 

—  80  to  —  90 

4 

4 

Camden  Observatory,  June  1.  1890. 


47 


27 


Prominences  in  June  1890.    Number  of  observations,   19 ;    number  o 
prominences,  57;  mean  number  of  prominences,  3;   highest  prominence, 
60"(on  the29thinst.). 


Between 

0  and  -f  10 
+  10  and +  20 
+  20  and  +  30 
+  30  and  +  40 
+  40  and  -f  50 
+  50  and  +  60 
4-  60  and  +  70 
+  70  and  +  80 
+  80  and  +  90 


Distribution  of 

Promine.sces. 

E.  Limb. 

W. 

Limb. 

Between 

E.  Limb. 

W.  Limb 

2 

0 

0  and  —  10 

0 

2 

5 

2 

—  10  and  — 20 

0 

5 

3 

0 

—  20  and  —  30 

0 

1 

1 

1 

—  30  and  —  40 

0 

0 

3 

5 

—  40  and  —  50 

1 

1 

0 

11 

—  50  and  —  60 

4 

2 

0 

0 

—  60  and  —  70 

4 

0 

0 

2 

—  70  and  —  80 

0 

0 

0 

2 

—  80  and  —  90 

0 

0 

Camden  Observatory',  July  1, 1890. 
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Carleton  College  Sunspot  Observations.    Continued  from  page  180. 


Date 


1880 

May  31. 

Jttne     3. 

7. 

7. 
11. 
16. 
17. 
18. 
21. 
24. 
25. 
26. 
27. 
28. 

4. 

7. 

8. 

9. 
10. 
14. 


Central 
Time. 


•« 
«« 
«« 
•• 
«« 
«• 
«« 
•• 
•« 
•■ 
•« 
•« 


12.35 
2.45 

12.05 
3.30 
8.45 


P.  M. 

«« 


A.  M. 


J»?7 


«• 
«« 


4.30  p.  M. 
2.60  •• 
3.66  ** 
5.20  •• 
3.45  *• 
12.40  *• 
11.40  A.  M. 

12.20  P.  M. 

10.30  A.  M. 
8.45     *• 
2.00  P.  M. 

12.39     •• 
4.15     •• 

10.10  A.  M. 


O 

c 

e 

T3 


o 
o 

1 
1 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 


CO 

0 


o 
o 

4 
10 

o 

2 

o 
o 
o 
o 
o 
o 
o 
o 
1 

16 

10 
6 
2 


c 
p 

r% 


l«r. 
l«r. 


O 

< 


C.  K. 

«« 


W. 


7 
1 
2 

1 
1 
1 
3 

1 
1 
2 

1 
1 
1 


«r. 

fiT. 
«r. 

fiT. 
ST. 

«r. 

fiT. 

«r. 


C.  K.  W. 


0|?r. 
2  ST. 


H.  C. 

«t 

C.  K. 

it 

4( 
44 
«4 


H.  C. 
C.  K. 


Remarks. 


Small  gr.  of  fac.  near  W.  limb. 

Fac.  S.  W. 

One  \Arfit  spot  with  fac. 

6  gr.  fac.  near  B.  limb. 

Spots  verv  poorly  defined. 
One  rery  brilliant  fac.  S. 
Faculae  S.  W. 


w. 

w.    Faculae  S. 

Faculae  S.  B. 

Spot  in  S.  B.  surrounded  by  fac. 


w. 
w. 


Spot  near  W.  limb,  followed  by 
longr  and  narrow  gr.  of  fac. 
Group  of  fac.  near  E.  limb. 
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A  Graphic  Solution  of  the  Equations^  x^  +  y  =i  7;  jc  +  jr'rr  11. 
X*  +  jr  =  7  is  the  eqaation  of  a  parabola  whose  vertex  v  is  a  distance  of  7 
above  the  origin  o,  and  x  +  7'  :=  11  is  the  equation  of  a  parabola  whose 
vertex  v  is  a  distance  of  11  to  the  right  of  the  origin. 

If,  in  each  equation,  we 
^  give  values  to  one  letter, 

and  find  the  correspond- 
ing values  of  the  other 
letter,  and  then  trace 
curves  through  the  points 
of  which  these  values  of  x 
and  y  are  the  co-ordin- 
ates, the  curves  will  inter- 
sect each  other  in  the  four 
points  i4,  Bf  C,  D.  If 
now  the  co-ordinates  of 
these  points  be  measured 
they  will  be  found  to 
be,  respectively,  x  =  2, 
y=3;  x=  -1.8,  jr  = 
3.6 ;  X  =  3.1,  v  =  —  2.8 ;  x  =  —  3.3,  v  =  —  3.8.  These  values,  found  by 
measurement,  are,  approximately,  the  values  given  by  Mr.  Keith  and  Mr. 
Coakley,  in  their  solutions  published  in  Number  80  of  the  Messenger. 

(It  is  interesting  to  note  that,  in  the  equations  x  -f  j^'  =  11,  when  x 
is  2,  J'  has  two  values  +  3  and  —  3.  The  algebraic  solution  gives  only  one 
of  these  values.  The  diagram  shows  that  the  graphic  solution  tells  the 
same  story,  for  the  point  E,  whose  ordinate  is  —  3,  is  on  only  one  curve, 
and  hence  this  value  j'  could  not  satisfy  both  equations.) 

Garfield  University.  w.  A.  crusinberry. 


Given  the  equations 

From  (1) 

From  (2) 

X  — 3  =  4— v!»  (4) 

Dividing  (3)  by  (4),  thus  taking  out  the  root  factors  x  —  3  [and  2  — y'\ 

1 


x^-{-y=ll 

JC  -f  y2  —  7 

.Y^  — 9  =  2— j^ 


(1) 
(2) 

(3) 


X  — 3  = 


(5) 


2+y 
whence 

xj-f2x-f  37-f  5  =  0  (6) 

If  (6)  is  combined  with  either  (1)  or  (2)  and  y  is  eliminated,  then  in 
e^her  case,  the  degree  of  the  resultant  equation  rises  only  to  the  third,  the 
equation  will  be 

x3  +  3x2  —  l3x  —  38  =  0  (7) 

just  as  it  should  be.    In  the  same  way,  if,  after  combining  (6)  with  (1)  or 
(2),  X  is  eliminated  it  is  only  possible  to  find 

y  +  2j»  — lOj-— 19  =  0  (8) 

and  so  far,  nothing  new  is  shown. 
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ow.  if  instcBd  of  taking  the  given  eqaations  singly,  they  are  com- 
before  comparing  with  equation  (6),  an  infinite  number  of  false  com- 
arabk  roots  can  be  produced.  Thua  if  the  given  equations  are  added 
ombined  with  (6),  there  is  produced 

X*  +  7x*  —  x'  —  90k  —  152  =  0  (9> 

1  has  a  root  x  ^  —  4-,  the  corresponding  value  of  v  being  —  3.  Had 
:iven  equations  been  subtracted  and  then  compared   with  (6),  it  ia 

i<  +  5x'  -  7x'  -  64-K  —  76  =  0  (10) 

which  it  con  be  found  that  i  =  —  2,  the  corresponding  value  of  y 


i 

Y 

a 

1 

Y,  "* 

homogeneous  equation 

3x'-iy  +  2y'  =  52  (11) 

«  produced  by  adding  three  times  ( 1)  to  two  times  (2)  and  subtract- 
1)  from  this  sum;  and  by  means  of  this  homogeneous,  it  can^  proved 
nple  reasoning  that  the  complete  solution  of  the  original  equations  by 
-atics  it  impossible.  If  No.  (11)  is  combined  with  any  of  the  preceding 
ions  a  false  root  is  obtained  in  each  case. 
he  following  graphic  representation  of  these  equations  willjprobably 

quation  (1)  is  a  parabola  with  Che  vertex  at  (0,  11);  (21  is  a  para- 
irith  vertex  at  (7,  0) ;  the  sum  of  (1)  and  (2)  is  a  circle  with  center 
W,  — W):  the  difference  of  (1)  and  (2)  a  hyperbola  with  center  at 
i);  equation  (ii)  is  a  hyperbola  with  center  at  {— 3,  —  2)  asymtotea 
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parallel  to  the  axes;  equation  (11)  is  an  ellipse  with  center  at  the  origin, 
the  transverse  axis  inclined  67°  30'  to  the  axis  of  x  positive. 

Where  do  the  false  roots  come  from?  Of  course  from  a  mistake  in  the 
work;  the  error  does  not  appear  in  equation  (6)  but  arises  from  adding, 
subtracting  and  otherwise  combining  equations  (1)  and  (2). 


NEWS  AND  NOTES. 


The  next  number  of  this  journal  will  be  published  for  the  month  of  Oc- 
tober, and  numbers  will  follow  consecutively  for  each  month  thereafter. 


•We  have  given  this  month  unusual  space  to  the  important  studies  in 
spectroscopic  lines  as  presented  in  the  extended  papers  by  Dr.  Huggins  and 
Mrs.  Huggins.  These  articles  and  that  of  Mr.  Monck,  bearing  also  on  the 
use  of  the  six'ctroscojje,  have,  in  part,  taken  the  place  of  the  usual  biograph- 
ical sketch. 


Teneriffcj  Ahn-Vistn,  Tycle  is  the  title  of  an  article  from  the  pen  of  Mr. 
D.  W.  Edgeconib,  recently-  received.  It  contains  useful  information  gathered 
in  foreign  travel.     It  will  appear  in  the  next  Messenger. 


Harvard  College  Observatory  Photographic  Work.  Some  time  ago, 
Professor  William  H.  Pickering  favored  us  with  some  fine  photographs  of 
Saturn,  Jupiter,  and  the  Great  Nebula  surrounding  77  Argus.  The  picture 
01  Jupiter  is  n  beautiful  on,e.  It  was  taken  at  Mt.  Wilson,  California,  1889, 
July  12.  19^  38™  G.M.T.,  the  altitude  of  the  station  being  6,200  ft.  Its  scale 
is  ^ooTJoVoooiT  or  1".65  =  1™"*,  magnified  (at  29  c.  m.  distance),  450 
times.  The  13-inch  telescope  was  used  and  the  exposure  was  87  seconds. 
Jupiter's  system  of  belts  is  surprisingly  distinct. 

The  exposure  for  Saturn  was  made  at  the  same  place,  1890,  Feb.  7,  18** 
54"',  G.  M.  T.;  scale  uirT>  0  oWiSTTXT  or  0".94  =  1™"*,  magnified  770  times, 
same  instrument,  with  an  exposure  of  6™  16".  Though  the  picture  of  Sat- 
urn is  not  quite  as  sharp  as  that  of  Jupiter,  3'et  the  dark  ring,  the  bands  of 
the  planet,  and  the  division  of  the  rings  at  the  ansae  are  features  more  or 
less  easily  seen. 

The  picture  of  the  Great  Nebula  surrounding  17  Argus,  was  taken  1889, 
June  16,  12^  17™,  siderial  time  scale  60"  =  1™™,  magnified  12  times,  the 
8-inch  Batche  camera  being  used.  The  exposure  was  made  at  Mt.  Howard, 
Penn.,  and  was  one  hour  long.    The  altitude  of  this  station  was  6,600. 

Professor  Pickering  has  also  kindly  sent  us  some  prints  of  plates  pre- 
pared for  future  parts  of  the  Annals^  which  plainly  show  some  of  those 
interesting  discoveries  by  the  aid  of  photography  which  have  been  pre- 
viously noticed  in  this  journal.  We  are  pleased  to  announce  that  some  of 
these  fine  plates  are  to  be  reduced,  or  to  appear  without  change  in  The 
Messenger  as  soon  as  they  are  ready  for  publication.  The  engrossing  in- 
terest that  attaches  to  this  feature  is  well  shown  by  the  fact  that  Profes- 
sor Pickering's  late  pictures  of  the  great  Special  Nebula  show  a  change 
in  form  from  that  seen  in  Mr.  Common's  photographs  of  Jan.  30, 1883. 
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Aid  to  Astronomical  Research.  Miss  C.  W.  Bruce  offers  the  sum  of  six 
thousand  dollars  ($6,000)  during  the  present  year  in  aiding  astronomical 
research.  No  restriction  will  be  made  likely  to  limit  the  usefulness  of  this 
gift.  In  the  hope  of  making  it  of  the  greatest  benefit  to  science,  the  entire 
sum  will  be  divided,  and  in  general  the  amount  devoted  to  a  single  object 
will  not  exceed  five  hundred  dollars  ($500).  Precedence  will  be  given  to 
institutions  and  individuals  whose  work  is  alread3'  known  through  their 
publications,  also  to  those  cases  which  cannot  otherwise  l>e  provided  for 
or  where  additional  sums  can  be  secured  if  a  part  of  the  cost  is  furnished. 
Applications  are  invited  from  astronomers  of  all  countries,  and  should  be 
made  to  the  undersigned  before  October  1,  1890,  giving  complete  informa- 
tion regarding  the  desired  objects.  Applications  not  acted  on  favorably 
will  be  regarded  as  confidential.  The  unrestricted  character  of  this  gift 
should  insure  manj-  important  results  to  science,  if  judiciously  expended. 
In  that  case  it  is  ho|)ed  that  others  will  be  encouraged  to  follow  this  ex- 
ample, and  that  eventually  it  ma3'  lead  to  securing  the  needed  means  for 
any  astronomer  who  could  so  use  it  as  to  make  a  real  advance  in  astro- 
nomical science.  Any  suggestions  regarding  the  liest  wa3'  of  fulfilling  the 
objects  of  this  circular  will  be  gratefulh'  received. 

Har\'ard  College  Observatory,  edward  c.  pickerlng. 

Cambridge,  Mass.,  U.  S.  A.,  Juh'  15,  1890. 


We  are  glad  to  give  place,  in  The  Messenger,  to  this  circular,  for  we 
are  sure  it  will  greatl3'  interest  our  readers  and  stimulate  endeavor  in  many 
needv  and  useful  lines  of  astronomical  research.  Miss  C.  W.  Bruce  has 
taken  a  high  and  noble  stand  in  favor  of  astronomical  science,  and  her  late 
munificent  gifts  to  it  are  not  only  a  blessing  to  Harvard  College  Observa- 
tory, but  to  American  astronomy  as  well.  Professor  Pickering  is  to  be 
congratulated  in  haring  such  generous  and  intelligent  aid  as  that  which 
Miss  Bruce  furnishes  for  his  own  and  other  lines  of  astronomical  stud3'. 


Motion  of  the  Atmosphere  above  the  Highest  Clouds.  The  fall  of  the 
meteorite  in  Northern  Iowa  on  Ma3'  2d,  as  noticed  in  the  last  number  of 
this  journal,  has  aroused  great  interest  in  such  phenomena.  There  is  a 
single  point  in  this  connection  that  should  be  emphasized,  and  possibly 
from  this  fall  or  others  in  the  future,  facts  of  the  highest  importance  may 
be  gleaned.  It  is  known  probabh'  to  all  that  we  have  practically  no  reli- 
able information  as  to  the  direction  of  motion  or  velocity  of  atmospheric 
current  above  our  highest  clouds.  The  rather  startling  theory  has  been 
advanced  to  explain  the  sky  glows  of  1883  and  later  3'ear8,  that  the  upper 
carrents  at  20  miles  above  the  earth  move  from  east  to  west  at  a  velocity 
of  80  miles  per  hour,  but  it  is  very  doubtful  if  any  current  exists  except  one 
moving  very  slowly  towards  the  east.  Whenever  a  meteor  leaves  behind  a 
more  or  less  permanent  cloud  or  smoke  its  motion  ought  to  elucidate  this 
problem.  A  velocity  of  even  +0  miles  per  hour  would  be  detected  at  once 
at  the  earth,  but  if  the  motion  is  very  slow  it  could  be  determined  only  by 
watching  the  trail  as  it  moved  across  the  point  of  a  high  building  or  a 
tree,  the  eye  being  held  perfect h'  stationery.  If  there  are  light  fleec3''  clouds 
in  the  sky  at  a  lower  level  great  care  would  be  needed  to  distinguish  be- 
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twecn  their  motion  and  that  of  the  meteor  trail.  In  this  case  it  will  be 
lery  necessary  to  watch  the  trail  b_v  having  its  line  of  sight  pass  tltrtMi^h 
a  hiif\i  point.  If  the  trail  is  more  than  4-5^  from  the  zenith  it  will  be  practi- 
cally impossible  to  tell  the  direction  unless  it  continues  a  Tiery  long  time, 
which  it  nsually  does  not  do.  A  an^'lc  careful  ofaoervation  of  tlie  dirrction 
of  such  a  trail  through  or  near  one's  zenith  would  he  of  the  highest  Tnloe. 
Washington.  D.  C,  June  7, 1890.  M.  i.  iia2ex. 

ten  In)  I17 

I,  apj«an 


t  Greenwich.— In  the  report  f 
.ard  of  Visitors  on  June  7.  IS 


TAe  Latest  Laiitaile  Result  a 
the  .Astronomer  Koynl  to  the  Be 
the  following  parajcraph : 

'■  The  cu-latitude  of  the  I  ran  git-circle  as  found  from  the  obsermtions  of 
IPSO  is  38°  31'  23" .05,  differing  by  +  U",15  from  the  adopted  valne." 

The  full  importance  of  this  sentence  does  not  nppear  on  the  sarfnTc.  It 
may  be  necessary  to  recall  that  the  modern  study  of  the  Great  f'ymsnid 
has  raised,  since  1667  A.  D.,  the  question,  whether  ttiere  is  not  a  minute 
change  in  the  latitude  uf  places,  unpointed  to  as  yet  by  Gravitational  As- 
tronomy.  but  always  going  on,  and  amounting  at  tlie  Gucat  PyraiBi4 
69"  of  decrease  in  the  course  of  4,000  years. 

On  one  side  this  conclusion  has  been  taken  up  positively  by  Mr.  i 

Anderson,  in  his  weighty  little  book  entitled  "  Terra."  and  conaiilcredB 

plana  tory  of  geological  changes  of  still  higher  secular  periods,  which  beW 

found  identifiable  over  nearly  the  whole  eurth's  solid  surface.    But  on  f 

other  side,  the  very  possilrility  of  such  an  altrradoR  of  latitnde  b 

contemptuously  denied:  and  though  the  other  Greenwich  obscrvatiom  III 

been  ijuoted  *  as  showing  a  very  similar  alteration  there,  or  thns — 

In  1766,  Lat.  =51'  28'  40",n 

In  1834,     "     —51'  28'  39".0 

In  1S56,     ■■     =51°  28'  38".2  and 

In  18S0,     "     =51°  28'  38",l 

that  was  considered  so  much  the  worse  for  them. 

But  now  if  we  apply  to  the  end  of  the  above  series  the  lust,  the  * 
posed  best  and  the  yet  unchallenged  result,  or  that  given  in  the  i|nnt*d| 
already  relcrred  to,  turning  its  co-latitude  into  latitude,  there  appears  I 
ISHSjustSl-  28'  37".S15. 

That  is  a  still  further  change  since  1880,  bat  in  the  same  direc lion  a 
fore ;  and  amounting  to  0".13  in  nine  years,  or  66"  in  4.000  yi 
is  surely  as   close  a  contirmatioti  of  the  pyramid  quantity  of  69"  in  a 
same  length  of  time,  as  nny  one  could  have  possibly  expected,  and  it  h 
least  ver>'  curious  that  every  successive  latitude  result  at  the  Rojii)  ObJ 
vatory  will  persist  in  showing  a  smaller  and  smaller  figure. 

June  37.  1890.  C.P.S| 

U.  S,  ScieatiBc  Expedition  to  West  Africa.  Bulletins  nnmbeml  IS  f 
18.  under  dates  res|)ectively  April  1 9.  1890,  and  Mny  lo.  1890.  uf  the  nbC 
named  expedition  have  been  received.  The  title  of  the  litst  is  The  Lai^; 
Distribution  of  the  Actinic  Light  of  the  Solar  Corona,  and  that  of  the  M 
ond  is  Terrestrial  Magnetism.  Both  are  prepared  by  Professor  Prank  I 
Bigclow,  of  Washington,  D.  C. 


Ourlnl! 


tryr. 


lid."  5tb  M 
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U.  S,  N&val  Observatory  Time,  Memorial  to  the  Secretary  of  the  Navy. 
April  15,  1890.  To  the  Secretary  of  the  Navy :  Sir :  Your  attention  is 
hereby  respectfiilly  called  to  the  injury  inflicted  upon  various  Astronomical 
Observatories  in  the  United  States  by  a  practice  which  has  been  established 
at  the  U.  S.  Naval  Observatory  of  supplying  the  Western  Union  Telegraph 
Co.  with  time  signals  for  commercial  use. 

For  a  considerable  number  of  years  the  signals  necessary  for  the  regu- 
lation of  time-pieces  have  been  derived,  in  different  parts  of  the  country, 
from  the  Observatories  established  in  those  districts.  The  sums  received  in 
payment  for  the  signals  have  formed  an  important  portion  of  the  revenues 
by  which  the  Observatories  have  been  supported.  An  additional  advan- 
tage resulting  to  the  Observatories  from  this  system  consists  in  the  fact  • 
that  it  thus  becomes  apparent  to  the  people  of  each  district  that  the  Obser- 
vatory founded  among  them  is  rendering  a  constant  public  service.  They 
are  consequently  led  to  take  a  more  active  interest  in  astronomical  science 
than  would  otherwise  be  the  case,  and  the  Observatories  must  depend  upon 
this  interest  for  the  donations  and  legacies  by  means  of  which  their  scienti- 
fic researches  are  supported. 

But  these  astronomical  institutions  are  unfitted  for  commercial  compe- 
tition with  a  powerful  corporation  like  the  Western  Union  Telegraph  Co. 
If  this  corporation  undertakes  to  occupy  the  field  of  supplying  time  signals,  « 
and  can  obtain  the  same  gratuitouslj-  from  the  U.  S.  Naval  Observatory,  it 
is  obvious  that  the  local  Observatories  must  abandon  the  contest,  with 
great  damage  to  their  means  of  support,  both  direct  and  indirect,  as  has 
been  shown  above.  Such  is  the  actual  result  of  the  present  policy  of  the 
Western  Union  Telegraph  Co.,  to  succeed  in  which,  however,  it  depends 
upon  the  support  which  it  now  actually  obtains  from  the  U.  S.  Naval 
Observatory.  That  Observatorj',  founded  to  promote  the  science  of  astron- 
omy in  this  country,  now  accordingly  appears  as  the  means  of  withdraw- 
ing the  funds  which  have  hitherto  been  maintaining  that  science  in  many 
parts  of  the  United  States. 

The  arrangement  between  the  U.  S.  N.  Observatory  and  the  Western 
Union  Telegraph  Co.  contemplates  the  distribution  of  time  signals  from 
the  Naval  Obseri'atory  to  the  entire  country.  Beside  the  injustice  to  pri- 
vate Observatories  already  alluded  to,  this  plan  involves  difficulties  which 
win  make  any  such  service  uncertain  and  inaccurate  as  compared  with  the 
present  automatic  service  from  the  private  Observatories. 

You  are  therefore  requested,  by  this  memorial,  to  consider  the  system 
which  has  been  established  at  the  U.  S.  Naval  Observatory',  in  pursuance  of 
which  time  signals  are  given,  for  commercial  use,  to  the  Western  Union  Tel- 
egraph Co.,  and  to  cause  this  practice  to  cease  if  you  find  that  it  is  injuri- 
ous to  the  interests  of  American  astronomy.  Very  resjjectfuUy,  Edward  C. 
Pickering,  Director  Har\'ard  College  Observatory,  Cambridge,  Mass.;  John 
K.  Rees,  Director  Columbia  College  Observatory,  New  York,  N.  Y.;  G.  W. 
Hough,  Director  Dearborn  Observatory,  Evanston,  Ills.;  Edward  S.  Holden, 
Director  Lick  Observatory,  Mount  Hamilton,  Cal.;  Ormond  Stone,  Director 
Leander  McCormick  Observatory,  Charlottesville,  Va. ;  Wm.  W.  Payne, 
Director  Carleton  College  Observatory,  Northfield,  Minn.;  Frank  W.  Very, 
Allegheny  Observatory,  Allegheny,  Pa.;  C.  A.  Young,  Director  Halstead 
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Observatory.  Princeton,  N.  J.;  Chit  W.Pritchett. Director  Mttirison  Olianr- 
atorv,  Glasgow,  Mo.;  Winalow  Upton,  Director  Obacrvatory  Brown  Tni- 
verBity,  Providence,  R,  I.;  Lewis  Swift.  Director  Warner  Obstrvalorj, 
Rochester,  N.  Y  ;  H,  A.  Howe,  Director  C bainbcrlnin  Observntnrr,  DeBTCf, 
Col.;  J.  G.  Porter,  Director  Cincinnati  Observatory.  CiTidnnati,  O.;  W.  B. 
Smith,  Director  Observatory  University  of  Missouri,  Columbia,  Mo.;  !!,&-_ 
Pritcbett,  Director  Observatory  Washington  University.  St.  Loiii*,  | 
n.  A.  N'cwton.  Director  Winchester  Observatory,  Yale  I'niverwitjr,  f 
Haven,  Conn,;  E.  Co1l>ert,  Cbieagn  Tribune,  formerly  Su prrimcDileat  fl 
bom  Observatory,  Chicago,  JUa.;  Chas  A.  Baton.  Director  Smitb  Obi 
tory,  Beloit,  Wis.;  Wra.  A.  Rogers,  Director  Shannon  nhserratory.  ' 
University,  Waterville,  Maine:  Edwin  Itraat  Frost,  Pii^ctor  Shnnuc 
servatory,  Dartmouth  College.  Hanover,  N.  H,:  Charles  Burdihl 
Director  Cbahot  Observatory,  Oakland,  Cnl. ;  nnrf  others  y 
have  been  forwarded  to  Washington. 


The  almve  memorial  was  placed  in  the  lianils  o^  Secremry  Trairj 
era!  weeks  ago.  and,  it  is  reported  that  he  is  in  corresiMiideii 
officers  of  the  Western  Union  Telegraph  Comjiany.      Some  of  Uk  i 
whose  names  were  signed  to  this  memorial  have  had  cunferrace  win 
telegraph  company,  upon  the  points  raised  in  it,  and  in  every  ci 
no  sntislnction  whatever.    We  do  not  expect  anything  favurnble  willd 
of  this  attempt,  for  we  know  too  well  the  present  strained  retatinnsfl 
exist  between  the  telegrapb  cam|)any  and  the  Government,  to  be^CVCa 
o  anything.     If  this  step  fails,  others  will  be  tried  an) 
•c  relinquished  until  justice  is  done  in  some  way. 


The  Largest  Glass  Yet  is  the  title  of  an  article  in  the  Boston  B\ 
Transcript  (May  24]   which  described  the  latest   undertakioK  of 
Clarke's  Sons  in  the  mannfactnre  of  great  telescopes.     The   point 
article  seems  to  l>e  to  eall  attention  to  the  Clarkes  as  the  great  mil 
telescopes  in  the  world,  and  that  they  have  the  contract  for  tnaki 
40-inch  glass  for  the  University  of  the  Pacific,  for  the  talhed-of  site  of, 
son's  Peak,  near  Los  Angeles,  California.    After  speaking  of  the  lai^: 
scopes  that  the  Clarkes  have  made,  the  peculiar  genius,  in  optical  lines, 
which  these  makers  have  been  endowed  is  set  out  in  plain  aud 
plimentary  way,  and  under  this  head  the  following  statement  oo 

In  all  the  arts  there  are  those  who   have  skill   and   those    

^nius.  The  skillful  optician  would  eo  to  work  and  mathematically 
thecnrvcH  of  the  glasses,  and  if  the  calculations  were  correct  the  lens 
be  good.  The  genius  fashions  it  out  with  but  the  incidental  tiae  ol 
urements,  depending  upon  his  eye  and  judgment,  which  are  more  ng 
than  mathematics.    The  Clarkes  belong  to  the  order  of  genius. 

The  article  doses  with  the  following  rather  caustic  sentence; 

Mr.  Clarke  has  insisted  that  be  shall  have  the  tnounling  of  the  n*' 
scope,  so  that  the  blnndering-  that  took  place  in  the  instance  of  the 
telescope,  and  tvhii^h  necessitated  his  finally  being  called  upon,  "  " 
repeated. 

This  article  is  editorial  in  form,  and  doubtless  was  written  by 
ambitious  reporter  who  wished  to  pay  the  Clarkes  a  llandsu 
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without  their  knowledge,  for  it  is  not  conceivcable  they  would  have  per- 
mitted such  things  to  be  said  if  they  had  known  it  beforehand.  All  scien- 
tists well  know  that  the  Clarkes  are  justly  celebrated  for  the  work  they 
have  done,  in  producing  the  finest,  the  largest  and  the  most  powerful  tele- 
scopes in  the  world.  But  the  ardent  reporter  is  evidently  out  of  his  sphere 
when  he  attempts  to  define  and  classify  these  high  orders  of  genius  and 
pronounce  definitely  upon  their  resf)ective  ranks  in  the  scale.  Is  he  not  a 
little  too  previous  when  he  claims  supremacy  for  a  method  used  by  the 
Clarkes,  as  against  another  and  different  one  which  science  has  not  yet  had 
sufficient  knowledge  of  to  estimate  fairly  and  justly  ?  In  this  he  may  be 
right  or  he  may  be  wrong,  nobody  knows.  A  little  patient  waiting  until 
the  new  method  shall  be  tried,  on  large  glasses,  will  surely  furnish  the 
needed  evidence;  and  interested  scientists  will  not  have  to  wait  long,  for 
two  glasses  of  sufficient  size  for  a  crucial  test  are  now  under  way  by  the 
new  method  which  has  already  somewhat  disturbed  friends  of  the  old 
process. 

In  regard  to  the  statement  that  Mr.  Clarke  has  insisted  that  he  shall 
have  the  mounting  of  the  new  40-inch  refractor,  so  as  to  prevent  any  such 
blundering  as  that  which  took  place  in  mounting  of  the  Lick  telescope,  we 
hasten  to  say,  that  everj'body  who  knows  the  facts  are  greatly  surprised 
that  any  such  claim  should  be  made.  We  have  taken  care  to  find  out  the 
facts  from  those  unprejudiced,  who  were  present  during  the  setting  up  of 
the  Lick  telescope,  and  who  know  what  mistakes  were  made  and  who  made 
them.  And  it  is  but  just  to  say  that  no  alterations  whatever  were  made 
in  the  mounting  of  the  36-inch  refractor  at  the  instance  of  Mr.  Clarke — 
indeed,  none  have  been  made  at  all  up  to  the  present  time.  Professor  Hol- 
den  has  intended  to  fill  the  iron  pier  with  masonry,  (it  was  Capt.  Flo3'd*s 
intention  before  the  telescope  was  mounted),  but  the  performance  of  the 
instrument  is  so  satisfactory  that  the  filling  has  been  put  off,  and  has  not 
yet  been  done.  It  is  not  claimed  that  improvements  could  not  be  made  in 
the  mounting,  now  that  the  astronomers  have  had  the  opportunity  of 
using  it  for  a  couple  of  years,  but  the  requirements  which  the  makers  were 
given  in  advance  were  certainly  admirably  fulfilled  by  them.  The  mere 
fact  that  a  single  |)erson  can  manage  the  instrument  (dome,  floor,  etc.) 
without  difficulty  is  sufficient  testimony  to  the  excellence  of  the  mechanical 
work. 

In  Mr.  Bum  ham's  paper  on  double-star  discoveries  and  their  measures, 
at  Lick  Observatory,  made  in  1889  and  published,  in  volume  38,  page  81, 
of  the  proceedings  of  the  American  Association  for  the  Advancement  of 
Science,  we  find  a  paragraph  bearing  on  the  mounting  of  the  instrument, 
which  plainly  shows  his  opinion  of  its  chararter.  Hesaj'sthat  the  microm- 
eter, dri\'ing-clock,  pier  and  other  mechanical  details  are  equally  perfect 
(with  the  optical  part  of  the  instrument)  for  double  star  work,  the  severest 
possible  test  for  the  jjerformance  of  any  telescope. 


Tbirty-nintb  Annual  Meeting  of  the  A,  A.  A.  S.  The  thirty-ninth  an- 
nual meeting  of  the  American  Association  fcr  the  Advancement  of  Science 
win  be  held  in  Indianapolis,  Ind.,  beginning  August  19,  1890. 

The  history  of  this  Association  is  an  interesting  one.  It  assumed  its 
present  name  in  1848,  with  the  various  departments  of  science,  as  now 


\ 
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known,  and  a  roll  of  membership  containing  461  names  comprising  nearly 
every  person  of  scientific  note  in  America.  The  objects  of  the  Assodation 
are,  by  periodical  and  migratory  meetings,  to  promote  intercourse  between 
those  who  are  cultivating  science  in  different  parts  of  America,  to  give  a 
stronger  and  more  general  impulse  and  more  systematic  direction  to  sci- 
entific research,  and  to  procure  for  the  labors  of  scientific  men  increased 
facilities  and  a  wider  usefulness. 

Prom  1848  to  1889  inclusive  there  have  been  thirty-eight  meetings  of 
the  Association.  In  1871 ,  the  twentieth  meeting  was  held  at  Indianapolis 
with  a  roll  of  668  members  and  an  attendance  of  only  196.  There  are 
now  over  2,000  members  and  it  is  expected  that  1,000  members  and 
associates  will  be  present  at  the  meeting  announced  for  this  month  at  In- 
dianapolis. 

The  admission  fee  of  a  new  member  is  $5.  The  annual  assessment  is 
$3.  All  members  have  the  privileges  of  the  meeting  alike  and  can  pre- 
sent papers,  enter  into  the  discussions  and  vote  in  the  general  session  and 
in  the  meetings  of  the  sections  which  they  may  join.  Every  member  who 
has  paid  his  assessment  receives,  free,  the  volume  of  the  proceedings  relat- 
ing to  the  meeting  which  is  published  after  each  session,  and  contains  the 
addresses,  reports,  and  papers  presented  before  the  Association. 

The  Association  is  divided  into  eight  sections : — 

Section  "A.*'  Mathematics  and  Astronomy;  ••B,"  Physics;  *•€,"  Chem- 
istry; **D,"  Mechanical  Science  and  Engineering;  **E,"  Geology  and 
Geography;  "F,"  Biology;  "H,"  Anthropology;  **I,"  Economic  Science 
and  Statistics."  A  Vice-President  presides  over  each  section,  and  the  Presi- 
dent over  all  General  Sessions  and  the  Council.  All  the  officers  of  a  meet- 
ing, with  the  past  presidents,  vice-presidents  of  the  last  meeting,  and  a 
fellow  elected  from  each  section,  form  the  Council,  which  has  the  general 
management  of  the  affairs  of  the  Association. 

For  general  information  address  Alfred  F.  Potts,  Secretary  of  Local 
Committee,  Indianapolis,  Ind.  For  information  as  to  membership  address 
A.  W.  Butler,  Secretary  Indiana  Academy  of  Science,  Brookville,  Indiana. 


Photographic  Notes,  Publications  of  the  Astronomical  society  of  the 
Pacific  makes  the  following  statements  as  to  lunar  photography:  **Itis 
found  by  experiments  made  on  the  evening  of  April  2l8t,  that  the  dark 
part  of  the  moon,  when  the  moon's  age  is  2.9  days,  can  be  photographed 
with  the  twelve-inch  Equatorial  with  a  Seed  26  plate  in  twenty  seconds 
— the  complete  outline  of  the  dark  part  just  showing  with  this  exposure. 
With  forty  seconds  and  seventy  seconds  the  dark  part  was  conspicuous 
and  details  on  it  more  clearly  shown." 

Monthly  Notices  for  May  gives  **Mean  areas  and  heliographic  lati- 
tudes of  sunspots  in  the  year  1889,  from  photographs  taken  at  Greenwich, 
Dehra  Dun  (India),  and  in  Mauritius." 

The  July  number  of  Knowledge  contains  a  beautiful  photograph  of  the 
region  of  the  Milky  Way  to  the  southwest  of  the  Trifid  Nebula,  taken  by 
Mr.  Barnard.  This  picture  is  accompanied  by  an  article  on  the  distribu- 
tion of  stars  in  the  Milky  Way,  by  Mr.  Ranyard. 
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Amtricm.  Metrohgical  Society.  We  are  extremely  sorry  that  we  did 
not  find  space  in  onr  last  issue  for  the  interesting  report  of  the  last  meeting 
of  the  American  Metrological  Society  at  Washington,  D.  C,  which  report 
was  ftsmished  at  onr  request  by  Secretary  J.  K.  Rees,  of  Columbia  College, 
New  York  City.  We  can  now  only  give  a  portion  of  the  address  of  the 
Presicient,  Dr.  B.  A.  Gould,  which  pertains  to  the  aims  of  the  Society. 

The  aims  of  this  Society  embrace  many  important  objects.  There 
wiD,  for  many  a  long  year  to  come,  be  more  than  enough  for  us  to  do.  But 
we  shall,  of  course,  act  most  efficiently  if  we  concentrate  our  efforts  in 
a  single  direction  at  one  time.  And  the  general  introduction  of  the  metric 
system  of  weights  and  measures  is  clearly  that  which  public  sentiment  in- 
mates as  the  most  important  direction  for  our  present  exertions.  If  all 
wiD  lend  an  earnest  hand,  and  if  we  act  wisely,  success  must  attend  our 
cnof  Is. 

The  reception  Tcty  recently,  by  the  United  States  office  of  Weights  and 
Measures,  of  the  yerified  and  authenticated  prototypes  of  the  meter  and 
kilogram,  marks  an  epoch  in  the  advancement  in  the  Metric  system  among 
us.  There  is  now  no  opportunity  for  the  smallest  pretense  that  the  stand- 
ards of  measures  and  weight  are  not  thoroughly  international.  The  old 
jDetre  des  Arcbires  and  Killogramme  des  Archives  have  now  fulfilled  their 
object,  and  have  ceased  to  possess  other  value,  even  in  France,  than  a 
purely  historical  one.  There  is  but  one  legal  or  accepted  meter  and  but  one 
kilogram,  and  these  are  the  international  ones,  sacredly  and  most  carefully 
guarded  in  the  International  Bureau  at  Breteuil.  More  than  twenty  difier- 
ent  nations  are  now  provided  with  copies  of  the  originals,  together  with 
official  certificates  of  the  precise  amount  of  their  variation  from  these; 
for  although  these  variations  are  too  small  to  be  avoided  they  have  yet 
proved  measurable  by  the  exquisitely  refined  methods  employed.  Through 
the  courtesy  of  the  Superintendent  of  the  Coast  and  Geodetic  Survey  the 
Society  is  invited  to  inspect  the  prototypes  to-morrow  morning. 

Since  the  metric  crusade  of  twenty  years  ago,  which  was  so  nearly  suc- 
cessfiil,  the  people  of  the  United  States  have  become  far  more  thoroughly 
informed  upon  the  subject;  and  only  an  earnest  impulse  and  a  judicious 
guidance  of  the  movement  which  is  urged  from  so  many  sides,  now  seems 
needed  for  ensuring  such  national  action  as  shall  place  our  country'  by  the 
side  of  the  vast  majority  of  the  civilized  nations  of  the  globe.  The  recent 
action  of  the  international  American  conference  cannot  fail  to  afford  a 
vigorous  impulse  towards  such  action.  In  a  word,  the  time  for  renewed 
exertion  seems  to  have  arrived;  and  upon  you,  gentlemen,  devolves  the 
duty  of  aiding  and  impelling  it. 

There  are  various  other  matters  of  importance  which  claim  the  atten- 
tion of  our  Society,  and  papers  upon  these  subjects  will  be  presented.  Soon 
the  time  for  action  upon  them  will  probably  arrive;  and  the  Society  may 
be  called  upon  to  concentrate  its  efforts  upon  them  in  their  turn.  But  the 
common  accord  of  the  great  majority*  of  those  who  are  interested  in 
Metrology  appears  to  indicate  the  question  of  weights  and  measures  as  the 
first  to  be  taken  in  hand.  In  this  we  have  the  sympathy  of  an  overwhelra- 
iag  prepondemace  of  the  ci^nlized  inhabitants  of  the  world.  Also  we  have 
that  of  men  of  science,  in  the  two  other  nations  who  have  not  yet  ranged 
themselves  in  line,  although  the  time  must  soon  arrive  when  they  too  will 
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OD  all  tbat  ph-" 


have  joined  the  gnat  fraternity  of  nations  whose  tmioo  on  all  tbat  pti-~ 
tains  to  weights  and  measurement  will  remove  another  or  (be  httcmBtioniil 
btirrierB,  which  it  is  the  glory  of  our  century  lo  be  so  rapdly  mn<>rin)t. 

Trusting  that  this  meeting  of  the  Anxrican  Metroloj^at  Society  any 
contrilmte  something  townrd  the  attaining  of  the  end  so  ardently  to  he 
desired.  I  welcome  you  to  the  first  session  of  the  Sticiety  at  llie  Xatknial 
Capilal. 


BOOK  NOTICES, 


Advanced  FiivsiocKAi-in.    liy  John  Thornton.   M.  A..  Head   Miu„ 
Clarence  Street  High  School.  Boston,  with  G  Maps,  ISO  IlluatrM 
and  Colored  Plate  of  Spectra.    London;  Messm,  Longmans,  C 
Co.,  and  New  York:   15  East  IGth  Street,     1890,    Svo. cloth. 
This  worlc  is  a  continuation  of  an  elementary  treatise  on  the  •am 
ject  by  the  same  author,  and  these  books  are  written  to  sopply  ti*-, 
apparent  and  as  defined  by  what  is  known  in  London  as  the  Syltsld 


the  Science  and  Art  Departmeiit  of  public  education.  The  iiueslion  igi 
er  Physiography  can  j-et  be  called  a  BCparale  science  is  not  oiscuewd  1. 
series,  so  Tar  as  we  know,  but  it  is.we  think.prowrly  assumed,  that  ■ 
defined  and  well  ordered  series  of  facts  connected  with  the  study  of  t* 
verse  may  rightly  Ijeset  forth  under  the  new  title  of  Physiogrvphy. 

A  glance  at  this  book  shows  that  its  author  has  drnwa  freelv  fir^ 
work  of  the  New  Astronomy,  as  it  is  now  often  called,  in  whicB  tiM 


^pe,  the  spectroscope  and  the  sensitire  plate  of  pbntue''*p1v  « 
mstramcnts  of  research-     In  other  words,  the  leading  thau^tia 

ns  far  as  known,  the  physical  constitution  of  the  heavenly  liodi^,  i 

in  secondary  pliKC  the  study  of  their  exact  positions  nnil  movement*  i 
the  Old  Astronomy  so  strongly  emphasized.  This  is  manifestly  tight  fl 
preparation  of  elementary  books  on  this  subject,  and  more  will  be  dq 
the  same  direction,  in  advanced  studies  in  Astronomy,  in  the  fatnre,  I 
specialist  nnd  the  physicist,  because  a  demand  for  it  is  alreatW'  uff 

The  order  of  topics,  as  jpven  in  this  book,  is  as  follows:    The  ci-, 
sphere,  constellation  definitions  and  exploontions,  general  survey  of  a 
lar  svstcm,  light  and  astronomical  instruments,  spectrum  ooalya 
physical  nnd  ehemicul  constitution  of  the  sun,  description  of  Um  v' 
the  moon,  its   dimensions,    orbit,  rotation,    phases,   physical   Coi 
eclipses;  the  tides;  comets  and  meteors;  the  motions  of  the  eortb,  ( 
in  its  orbit;  measurement  of  the  surfoce,  size,  and  shape,  miiss.  dMi 
tion  of  latitude  and  longitude;  celestial  measurements,  grantatil 
celestial  masses;    stars  and  nebnife;  atmospheric  and    oceaiuc  in 
ments;  terrestrial  magnetism;  cosmogony,   secidar  cooling  of  tlir  L 
secular  changes  of  climate.    Then  follows  iin  nppcmlix  contamliic  tlKH 
alphabet,  time  constants,  trigonbmetrical  functions,  principnl  dciuuf 
the  solar  system,  the  transit  cirele,  gcoloeicnl  importance  cif  tidu,^ 
the  earth,  geological  chemistry,  and  a  colored  plate  of  spectra  at  tU 
In  the  appendix,  we  also  find  a  set  of  ciamination  papers  and  qtMij 
for  review,  which,  more  than  any  other  single  feature  m  the  booV,  d 
how  this  system  of  science  and  art  training  works.      It  seems  to  ng 
the  author  has  rlone  good  work  in  the  preparation  of  this  text  book. 

Books  Received. 

A  Handbook  of  Descriptive   end  Practical  Astronomy,  by  C 
Chambers.    (Volume)  III.    The  Starry  Heavens.    4th  Edition. 

New  Light  from  Old  Eclipses,  by  William  M.  Pogc.  C.  R.  H 
tishing  Co,,  St.  Louis.  Mo. 
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THE  STRUCTURE  OF  THE  SIDEREAL  UNIVERSE. 


THOMAS    WM.    BACKHOUSE. 


For  The  Messengbr. 

This  is  a  subject  which  until  lately  does  not  seem  to  have 
received  much  attention  since  the  late  R'A.  Proctor's  **Thc 
Universe*'  appeared.    Dr.  B.  A.  Gould,  in  the  ** Uranomctria, 
Argentina,''  has  made  some  investigations  into  the  form  of 
the  stellar  universe,  his  results  not  being  altogether  in  ac- 
cordance with  Proctor's ;  it  is  encouraging  to  see  that  others 
are  now  taking  the  subject  up,  though  it  does  not  appear 
that  they  have  examined  much  into  details  of  structure  until 
within  the  last  few  months.    The  small  amount  of  atten- 
tion paid  to  the  subject  cannot  arise  from  any  lack  of  inher- 
ent interest  it  possesses,  for  it  is  one  of  the  most  important 
and  mysterious  in  the  whole  range  of  astronomy ;  but  it 
may  be  from  an  idea  that  observational  astronomy  would 
be  unremunerative  in  this  direction.    But  is  this  likely  to  be 
the  case?    Any  theories  that  may  be  formed  must  be  based 
on  the  knowledge  of  facts;  and  in  one  department  of  the 
subject  in  particular,  namely,  stellar  distribution,  Proctor 
has  pointed  out  that  much  can  be  done  towards  increasing 
that  knowledge.    The  application  of  photography  to  the 
stars,  and  further  observations  of  their  motions  in  the  line  of 
sight  and  across  it,  will  accumulate  much  material  for  the 
confirmation    or  refutation    of  existent  theories;    but    the 
present  paper  is  written  specially  with  a  view  of  pointing 
out  a  few  facts  which  have  been  gleaned  by  direct  observa- 
tion of  one  particular  area  of  the  sky.    Any  theorj'  that 
may  be  advanced  will  have  to  account  for  these  and  similar 
facts  that  may  be  corroborated  or  accumulated  by  other  ob- 
servers.   More  persons  are  likely  to  pursue  investigations 
of  this  kind  when  they  realize  that  they  will  thereby  be 
brought  into  acquaintance  with  scenes  than  which  none  are 
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more  glorious,  nor  do  any  in  the  whole  range  of  nature 
show  the  greatness  of  God  more.  And  our  admiration  of 
His  marvellous  handiwork  must  be  increased,  even  should 
the  result  be  to  diminish  our  ideas  of  the  extent  of  the  visi- 
ble universe;  and  the  substitution  of  facts  for  fancies  can 
onW  be  gain. 

One  of  the  most  striking  of  the  unexplained  features  of  the 
structure  of  the  universe  is  the  parallel  arrangement;  some- 
times simply  of  pairs  of  stars,  at  others  of  longer  lines,  or 
of  broader  bands  of  numerous  stars,  or  of  irresolvable  neb- 
ulous wisps.  This  parallelism  gives  one  the  impression  that 
the  stars  and  wisps  so  arranged  are  ph^'^sically  connected, 
and  the  reality  of  this  impression  is  a  fair  subject  of  enquiry'. 
A  very  conspicuous  instance  of  parallelism  visible  to  the 
naked  e\'e  is  in  the  region  of  the  sky  from  Castor  to  c  Ursa 
Majoris,  where  wc  have  the  ten  brightest  stars  arranged  in 
five  pairs,  of  which  three  are  approximateh''  parallel,  and 
the  other  two  do  not  deviate  greatly  from  their  direction, 
viz.,  Castor  and  Pollux,  38  and  a  Lj'icis,  t  and  x  Ursae  Majoris 
/  and  //,  and  >  and  c.  This  parallelism  ma}'  even  be  traced, 
though  less  distinctly,  over  a  much  wider  extent,  including 
r  and  '>  Cancri,  C  and  y  Leonis,  ^j  and  «,  ^J  and  ^,  t  and  't,  93 
and  y^.  Rut  if  we  look  at  Proctor's  map  of  the  proper  mo- 
tions of  the  stars  in  **  The  Universe''  (at  end  of  volume)  we 
find  that  there  is  no  common  proper  motion  among  these 
stars,  nor  even  in  the  two  stars  of  each  pair;  the  idea  of 
physical  connection  seems  therefore  negatived,  for  if  the  two 
stars  of  the  pairs  are  moving  in  different  directions,  whether 
one  be  revolving  round  the  other  or  not,  it  is  clear  that  in 
time  the  parallelism  will  be  destroyed,  unless  the  motion  in 
all  the  pairs  is  similar — which  is  not  the  case.  Nevertheless 
the  conclusion  is  irresistible  that  in  many  cases  such  ar- 
rangement must  be  indicative  of  actual  association. 

For  examination  into  details  of  structure  the  portion  of 
the  Milky  Way  between  a  Orionis  and  At  Geminorum  was 
selected,  and  observed  for  the  configurations  of  the  stars, 
wisps,  etc.,  contained  in  it,  partly  with  a  4^4-inch  refractor, 
but  chiefly  with  a  binocular  field-glass  of  2.05  inches  aper- 
ture and  power  about  3.8;  nearly  all  the  observations  hav- 
ing been  made  at  Sunderland  (England)  during  the  last 
eight  years. 
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The  nebulous  wisps  alluded  to  are  that  faint  and  diffused 
luminositj'  which,  when  viewed  with  increasingly  high 
powers  is  sometimes  resolved  into  stars,  sometimes  remains 
partially  or  wholly  unresolved,  and  sometimes  disappears 
altogether.  With  the  naked  eye  the  Milky  Way  has  an  ap- 
pearance of  resolvability,  as  if  it  was  composed  of  stars 
which  would  be  separately  visible  with  a  telescope;  but 
though  the  telescope  docs  to  a  great  extent  resolve  it,  what- 
ever magnif\'ing  power  is  used  there  is  visible  an  abundance 
of  irresolvable  nebulosity  which  does  not  give  any  suspicion 
of  being  composed  of  stars;  and  in  all  parts  of  the  sky 
fainter  patches  of  it  may  be  seen.  There  are  three  conceiva- 
ble causes  of  the  appearance  of  such  nebulosity :  it  may  con- 
sist of  luminous  gas  or  dust  which  no  magnifying  can  re- 
solve; or  of  faint  stars  too  close  together  to  be  resolved 
with  the  power  emplo^-ed ;  Or  may,  perhaps,  be  only  a  sub- 
jective appearance — for,  when  resolved,  the  nebulosity  in 
some  cases  shows  ver\'  small  and  densely  packed  stars,  but 
in  others  widelv  scattered  stars  not  much  too  faint  to  be  in- 
dividually  visible  with  lower  power — and  in  this  latter  case 
the  writer  suggests  that  the  nebulous  appearance  may  be 
caused  by  the  glow  round  the  stars  being  sufficiently'  ex- 
tended to  impress  itself  upon  the  eye,  though  the  individual 
stars,  being  mere  points,  are  invisible;  while  they  are  suf- 
ficienth'  near  together  for  the  glow  from  each  to  overlap 
that  from  its  neighbors,  so  that  an  appearance  of  continu- 
ous nebulosit3'  is  produced.  These  nebulous  wMsps,  etc.,  are 
wanting  in  catalogues  of  nebulae,  but  since  such  catalogues 
include  many  resolvable  clusters  the  questions  arise,  why 
should  this  be,  and  where  does  nebulosity  end  and  a  nebula 
begin? 

Curves  of  stars  have  often  been  noted  in  the  heavens ;  but 
in  large  portions  of  the  observed  area  a  parallel  arrange- 
ment of  the  stars  and  an  arrangement  in  straight  lines,  are 
by  far  the  most  striking  feature;  the  irresolvable  wisps 
(which  are  usually  long  and  narrow)  to  a  great  extent  fall- 
ing in  with  the  same  arrangement  as  the  stars.  The  por- 
tions of  the  area  where  the  different  parallelisms  exist  are  in 
some  cases  very  abruptly  bounded,  but  in  others  cease  grad- 
ually. Sometimes  the  parallelism  reappears  after  a  space 
where  it  is  not  perceived.    In  some  cases  the  same  stars 
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form  lines  belonging  to  more  than  one  parallelism ;  it  is  pos- 
sible that  such  instances  are  by  mere  chance,  and  that  the 
star  belongs  really  to  only  one.  Of  course,  if  one  star  be- 
longs to  two  parallelisms,  such  is  an  indication  that  those 
two  S3'stems  are  in  the  same  region  of  space,  but  it  would 
•be  more  natural  to  expect  that  the  different  parallelisms 
observed  are  in  widely  different  regions,  one  being  seen  be- 
hind another.  In  Argelander's  **  Atlas  des  nordlichen  ges- 
tiruten  Himniels*'  the  same  lines  are  i3erceptible  very  often, 
but  not  in  all  cases;  though  several  instances  of  parallel  ar- 
rangement can  be  detected  that  escaped  the  use  of  the  field- 
glass  upon  the  sk^^  although  that  instrument  appears  to 
show  stars  down  to  nearly  the  same  magnitude  as  are  in- 
cluded in  the  Atlas.  This  difference  in  the  results  of  the  two 
examinations  may  be  partly  owing  to  the  circumstance 
that  often  two  or  more  stars  close  together  may  each  be  too 
small  to  be  entered  in  the  maps,  but  their  united  light  may 
be  impressed  upon  the  eye;  and,  on  the  other  hand,  that  the 
appearance  of  a  line  may  be  destroyed  by  the  addition  of 
somewhat  fainter  surrounding  stars. 

There  is,  besides  the  parallelisms,  a  most  wonderful 
case  of  radiation  of  stars  and  wisps  in  a  fan-shaped  group, 
68  Orionis  being  approximately  the  centre.  The  only 
counterparts  to  this  which  the  writer  has  seen  are  the 
two  following:  On  a  far  larger  scale  there  is  a  radition, 
visible  to  the  naked  eye,  from  near  the  Pole  star,  to  the 
Milky  Way  in  the  semicircle  from  e  Ursae  Minoris  to  fi  Came- 
lopardi.  This  consists  of  stars  and  wisps.  2.  A  recent  ex- 
amination of  Professor  Barnard's  photograph  of  the  re- 
gion around  11  Messier  (in  Aquila)  shows  lines  of  stars  and 
dark  lanes  forming  a  not  well-marked  radiation,  but,  with 
little  exception,  it  only  subtends  an  angle  of  50°  or  60°  from 
the  point  whence  it  radiates  (in  R.  A.  18^^  50'"8,  Dec.  — 9^9^ 
for  1880).  These  two  radiations  are  so  much  less  marked 
than  that  from  68  Orionis,  that  it  is  quite  doubtful  whether 
they  are  more  than  an  accidental  appearance  caused  by  a 
combination  of  adjacent  parallel  systems;  but  it  seems 
highly  improbable  that  such  an  explanation  can  be  g^ven  to 
the  radiation  form  68  Orionis.  If  on  further  examination 
of  the  sky  other  examples  are  found,  it  may  be  possible  to 
establish  the  radiated  form  as  one  of  the  recognized  systems 
in  the  structure  of  the  heavens. 
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From  an  investigation  into  the  position-angles  of  the  va- 
rious systems  of  lines  and  wisps,  it  is  apparent  that  they 
are  grouped  more  numerously  in  certain  directions  than  in 
others;  the  principal  directions  being  nearly  parallel  with 
the  galactic  equator,  or  axis  of  the  Milky  Way.  There  is  a 
marked  deficiency  of  position-angles  about  at  right- 
angles  to  the  galactic  equator;  it  is,  perhaps,  only  a  coinci- 
dence that  this  latter  remark  applies  not  only  to  the  wisps 
and  streams  of  stars  in  the  area  generally,  but  also  to  the 
lines  in  the  great  cluster  in  Gemini  (35  Messier),  which  was 
examined  with  a  4V4-inch  refractor,  as  well  as  in  the  MM. 
Henry's  photograph  of  that  object;  the  lines  in  the  other 
clusters  in  the  area,  which  were  examined  with  the  tele- 
scope, favor  no  particular  direction. 

It  is  manifest  that  so  extensive  an  arrangement  of  stars  in 
parallel  lines  cannot  be  the  result  of  chance,  and  it  is  proba- 
ble that  those  parallel  to  one  another  are  in  the  same  region 
of  space.  It  therefore  follows  that  the  majority  of  the 
brighter  stars  in  extensive  tracts  of  the  area  we  have  been 
considering  are  really  near  one  another.  The  only  hypothe- 
sis that  would  not  lead  to  such  a  conclusion  is  to  suppose 
that  there  is  a  general  tendency  of  all  the  stars  in  the  sider- 
eal universe  to  be  grouped  in  parallel  planes,  in  the  same 
wav  as  there  is  a  tendency  of  the  secondary  systems  in  the 
solar  system  to  be  so.  If  this  tendencj'  existed,  we  should 
expect  these  planes  to  be  parallel  to  the  axis  of  the  Milk\' 
Way;  and  we  find  the  most  prevalent  direction  of  the  lines 
in  the  area  under  consideration  is  nearly  this.  But  this  will 
not  explain  why  there  should  be  other  systems  of  parallel 
lines.  Then,  as  the  irresolvable  nebulosity  lies  so  often  in 
•  the  same  direction  as  the  lines  of  stars,  it  must  really  be 
among  them;  and  whether  it  contains  any  true  nebulous 
matter  or  not,  at  least  stars  varying  very  greatly  in  mag- 
nitude must  be  associated  together,  so  that  these  observa- 
tions agree  with  Sir  J.  Herschel's  on  the  Nubecula  Major, 
and  with  Proctor's  and  Herbert  Spencer's  theories. 

The  bearing  of  this  on  the  question  of  relative  parallax  is 
obvious  and  important ;  for  if  the  conclusions  arrived  at  are 
sound  (without  impugning  the  fact  that  difference  of  proper 
motion  is  often  an  indication  of  want  of  connection  between 
stars),  it  would  appear  that  if  we  take  at  random  any  two 
stars  lying  near  together — sa^'  within  a  quarter  of  a  degree 
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of  each  other — in  the  area  of  the  sky  that  has  been  examined 
if  not  elsewhere,  the  chances  are  much  greater  that  they  are 
really  near  together  than  that  they  are  far  apart.  When 
two  stars  in  the  same  neighborhood  are  found  to  have  no 
appreciable  relative  parallax,  this  is  not  the  slightest  evi- 
dence of  their  remoteness  from  the  earth,  it  ])eing  just  as 
likeh'  the  absence  of  relative  parallax  is  owing  to  their  prox- 
imity to  one  another. 

The  details  of  the  before  mentioned  observations  are 
scarcely  suitable  for,  and  would  take  up  too  much  space  in, 
the  Sidereal  Messenger;  the3'  have  been  tabulated  and 
are  to  be  printed  separated,  together  with  maps  and  dia- 
grams, for  distribution  to  those  interested  in  the  subject, 
jind  there  will  be  much  pleasure  in  forwarding  copies  to 
those  who  address  the  writer  to  this  effect. 

Sunderland,  England,  July  7,  1890. 
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In  the  February  number  of  Knowledge  will  be  found  a 
verv  useful  article  bv  Herbert  Sadler  under  the  title,  **  List  oi 
Stellar  Parallaxes.*'  In  that  list  is  given  the  ordinary-  desig- 
nation of  the  star,  the  approximate  places  for  1890,  the 
magnitude  roughly  to  the  nearest  half,  in  the  photometric 
scale,  the  name  of  the  observer  or  publisher  of  the  determin- 
ations; the  date,  if  marked  with  an  asterisk  the  date  of 
publication;  the  method  of  observation,  the  aperture  of  the 
instrument  emplo\^ed ;  the  reference  to  the  place  of  publica- 
tion, and  the  actual  parallax  and  probable  error  as  deter- 
mined bv  the  observer.  It  mav  be  useful  to  remark  that  the 
distance  in  li":ht-vears  can  be  found  bvthe  use  of  the  formula 
• '  p//  -f  which  cosresponds  to  a  parallax  of  8". 80,  P  being  the 
parallax  of  any  star  under  consideration.  If  the  ])arallax 
be  8'^848,  the  formula  then  would  be  ^ -j!;? --. 

Bv  a  recent  letter  from  Mr.  Sadler  we  received  some  cor- 
rections  to  the  data  as  given  in  the  article  in  Knowledge, 
which  we  have  applied  as  he  kindh'  suggested.  We  also 
take  the  liberty  of  putting  the  principal  part  of  this  inter- 
esting matter  in  tabular  form,  thinking  that  the  respective 
data  mav  be  in  a  little  more  convenient  form  for  reference 
and  comparison.  We  have  used  great  care  to  get  nil  the 
matter  correct  as  represented  in  the  original  article. — Editor. 
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A   TELESCOPE   MIRROR    IS   GROUND,  POLISHED  AND 

FIGURED. 


GBORGB  S.  JONES. 

;   MES8BXGBR. 


**  silver-on-glass  *'  reflecting  telescope  has  of  late  years 
igh  in  favor  with  amateur  astronomers,  particularly 
gland.  Its  mirrors  of  pure  silver— the  glass  being 
r  the  mould  or  form  on  which  the  mirrors  proper  rest 

— reflect  nearly  as  large  a 
percentage  of  the  light  as 
finds  its  way  through  the 
four  surfaces  of  an  object 
glass;    it    is    entirely    free 
from  the  defect  of  Achrom- 
atism,"   which    cannot   be 
said  of  the  best  **  achrom- 
atic,**    and     with     careful 
workmanship    it     may    be 
corrected  perfectly  for  spher- 
ical      aberration,  —  points 
which   render   it   for  most 
purposes  a  formidable  rival 
of  the  more  common  refrac- 
tor.    No    more   clean    and 
clear-cut  views  of  a  celestial 
object  can  be  had  than  may 
be   obtained  with  a   good 
reflecting  telescope. 

But  aside  from  the  intrin- 
sic merits  of  the  reflector  as 
now  made,  that  which  rec- 
ommends it  especially  to 
:eurs,  who  are  apt  to  be  persons  of  limited  means,  is  its 
larativelv  small  cost,  or  to  look  at  this  feature  from  a 
ent  point  of  view,  the  simplicity  of  its  construction, 
h  renders  it  quite  practicable  for  one  who  has  a  fair 
ant  of  mechanical  skill  to  make  his  own  telescope.  A 
)r  is  a  far  less  complicated  piece  of  work  than  an  achro- 
c  object  glass.  It  has  but  one  surface  to  grind  and 
h,  whereas  an  object  glass  has  four,  the  curvatures  of 
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all  of  which  must  be  made  to  conform  very  exactly  to  the 
requirements  of  a  previously  prepared  mathematical  formu- 
la. Furthermore,  since  the  surface  only  is  used,  the  light 
not  passing  through  the  glass,  it  is  not  necessary"  to  use  for 
it  expensive  optical  glass,  but  only  glass  that  is  of  a  homo- 
geneous density,  and  is  fairly  free  from  air  bubbles,  will  an- 
swer the  purpose.  When  the  one  surface  has  been  polished 
and  brought  to  the  right  figure,  the  work  is  done.  The 
silvering  of  the  glass  is  a  very  simple  matter;  and  the  cost  of 
silvering  is  a  mere  trifle. 

The  description  which  we  shall  give  of  the  process  of  mak- 
ing one  of  these  glass  mirrors  is  based  upon  the  writer's  per- 
sonal experience  in  an  amateur  way.  It  is  hoped  that  it  will 
not  merely  serve  to  satisfy  a  curiosity  as  to  how  wc^rk  of 
this  kind  is  done,  but  that  it  may  be  of  some  service  to 
others  who  may  be  disposed  to  try  in  this  direction  the  cun- 
ning of  their  own  hands.  Complete  success  may  not  come 
with  the  first  trial ;  but  with  perseverance  it  will  come  in  the 
end,  and  it  will  be  worth  the  cost  of  a  few  failures. 

With  the  theory  of  the  reflecting  telescope  the  reader  may 
be  presumed  to  be  acquainted.  At  an^'  rate  he  can  easily  in- 
form himself  on  this  point  from  any  work  on  optics.  It  is 
sufl[icient  to  sav  that  the  form  of  reflector  now  commonly 
used  is  the  Newtonian,  in  which  the  image  formed  by  the 
large  concave  mirror  is  thrown  out  at  one  side  of  the  tube, 
near  its  upper  end,  b\'  means  of  a  small  plane  mirror  or 
**flat,''  and  in  this  position  is  magnified  with  an  eye-piece  of 
the  same  kind  as  is  used  with  a  refracting  telescope. 

To  describe  the  process  of  making  this  concave  mirror,  we 
cannot  do  better,  perhaps,  than  to  take  the  reader  directly 
into  our  workshop  and  give  him  the  actual  historj'  of  a  6V4- 
inch  mirror,  which  he  may  see,  in-  imagination,  Ij'ing  upon 
the  table,  onl3''  recently  finished  and  still  unsilvercd.    It  may 
be  well  to  say  in  advance,  however,  that  in  the  more  delicate 
parts  of  the  work  of  making  a  mirror,  particularly  in  the 
figuring  or  shaping  of  it,  after  the  polishing  is  completed, 
different  artists  have  employed  different  methods,  and  in 
some  instances  have  left  on  record  their  want  of  success 
with  the  methods  recommended  by  others.    Our  own  exper- 
ience has  not  been  exceptional  in  this  respect.    The  methods 
to  be  described  below  are  simply  those  which,  after  man^* 
trials,  have  been  found  to  yield  the  best  results. 


Polishing  and  Grinding  a  Mirror,  355 


The  disc  for  this  mirror  was  of  ordinary'  rough  plate  glass, 
6%  inches  in  diameter  and  about  one  inch  in  thickness.  The 
grinding  being  the  least  difficult  as  well  as  the  least  interest- 
ing part  of  the  work,  may  be  disposed  of  in  a  few  words. 
The  rough  disk  was  first  ground  with  emery  and  water  up- 
on a  flat  plate  of  iron  until  its  two  faces  were  smooth  and 
parallel;  its  edge  was  then  trued  by  grinding  in  a  lathe; 
speciall3'  adapted  to  this  purpose,  after  which  it  was  laid 
upon  a  table  and  its  upper  surface  was  hollowed  out  rough- 
ly to  the  required  depth  by  vigorously  scrubbing  it  with  an 
iron  tool  fed  with  emery  and  water.  The  rough  grinding 
done,  the  work  was  continued  with  a  thick  disc  of  cast  iron, 
five  inches  in  diameter,  one  face  of  which  had  been  carefully 
turned  in  a  lathe  to  the  required  convexity  and  afterwards 
grooved  into  squares  of  one  inch.  The  curvature  of  the  face 
of  this  tool,  which  was  also  to  be  the  curvature  of  the  mir- 
ror, had  a  radius  of  ten  feet,  it  being  designed  that  the  mir- 
ror should  have  a  focal  length  of  five  feet.  As  the  grinding 
progressed  emery  of  a  finer  and  finer  grade  was  used,  the  fin- 
ishing touches  being  given  with  the  very  finest  flour  of  emery 
obtainable  by  a  process  of  elutriation,  which  need  not  be 
here  described.  In  the  fine  grinding  the  greatest  care  is  nec- 
essary to  avoid  scratching ;  but  the  reader  can  be  spared  the 
recital  of  such  mishaps.  It  may  be  said  here,  parenthetical- 
ly, that  when  two  surfaces  are  ground  together,  the  abra- 
sion is  caused  by  the  rolling  of  the  hard  particles  of  emery 
between  them  and  not  b\'  scraping,  as  upon  a  grindstone  or 
an  emerj'  wheel.  It  is  only  when  a  too  coarse  particle  of 
emery  becomes  lodged  in  some  part  of  the  tool  that  a 
scratch  is  produced,  and  it  is  to  facilitate  the  escape  of  such 
particles  that  the  grooves,  before  mentioned  are  made  on  its 
face. 

The  work  of  grinding  is  finally  completed  successfully,  we 
will  suppose.  The  surface  of  the  glass  is  free  both  from 
scratches  and  from  the  nicks  made  in  it  by  the  coarse  grind- 
ing; its  curvature  is  perfecth'  spherical;  it  is  as  smooth  to 
the  touch  as  though  it  were  already  polished,  and  it  will  re- 
flect the  light  of  a  gas  jet  at  an  angle  of  45° ;  it  is  ready  to 
be  polished.  The  curvature  of  such  a  mirror,  it  may  here  be 
said  is  less  than  the  reader  may,  perhaps,  imagine.  A 
"straight  edge*'  laid  across  it  is  at  the  center  no  more  than 
.04  of  an  inch  above  the  surface. 
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The  polishing  is  done  with  rouge,  mixed  with  water,  op- 
on  a  tool  of  wood  or  iron,  the  surface  of  which  is  covered  to 
the  depth  of  an  eighth  of  an  inch,  or  more,  with  pitch.  Like 
the  grinding  tool  the  polisher  is  cut  into  squares,  in  order  to 
allow  the  pitch,  which  should  be  soft  enough  to  yield  grad- 
ually in  the  process  of  polishing,  a  chance  to  spread  uni- 
formly. The  tool  used  with  this  mirror  was  a  heavy  circu- 
lar block  of  wood,  eight  inches  in  diameter,  experience 
indicating  this  as  the  proper  size.  If  the  polisher  is  too 
small,  the  polishing  will  proceed  faster  in  the  center  of  the 
mirror  than  at  the  border ;  if  too  large  the  reverse.  With 
the  polishing  begins  the  really  difficult  work.    To  brighten 


the  surface  of  the  glass  by  scrubbing  it  backward  and  for- 
ward and  round  and  round  over  the  rouge-covered  pol- 
isher is,  indeed,  easy  enough,  although  a  work  of  time,  and 
with  a  little  care  the  glass  need  not  be  scratched.  Bat  some- 
thing more  than  a  bright  surface  is  required.  The  novice  at 
this  work  will  certainly  spoil  his  first  mirror;  probably  also 
his  second  and  third.  His  chief  misfortune  will  be  that  he 
will  polish  it  into  rings  of  different  curvature.  When  he  fin- 
ishes his  work,  he  will  find  that  his  mirror,  if  he  is  able  to 
test  it,  has  no  regular  figure;  it  is  not  spherical;  it  is  not 
parabolic,  it  is  not  hyperbolic;  it  exhibits  a  combination  of 
curves  of  different  radii,  and  bright  as  it  may  be,  it  is,  for  the 
purpose  for  which  it  is  designed,  absolutely  worthless.  The 
only  sure  remedy  in  this  case — it  is  hard,  but  it  ^vill  sax-e 
time  in  the  end — is  to  put  on  the  grinding  tool  again  and 
take  a  fi*esh  start.  In  time  the  learner  will  discover  and  cor- 
rect the  faults  in  his  manipulation ;  but  rules  and  directions 
given  by  another  are  of  very  little  service. 

The  mirror  in  question  having  been  polished  by  one  who 
had  gone  through  the  hard  school  of  experience,  came  from 
the  polisher  in  a  satisfactory  shape.    Its  figure  was,  how- 
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ever,  by  no  means  that  desired,  although  it  was  one  which 
could  easily  be  corrected.  The  process  of  testing  and  cor- 
recting a  mirror  is,  perhaps,  that  part  of  the  work  in  which 
the  reader  will  be  the  most  interested ;  but  it  is  hardly  pos- 
sible, without  the  aid  of  elaborate  diagrams,  to  give  a  very 
clear  idea  of  this  process.  Let  us  first  see  what  figure  is  re- 
quired. If  a  mirror  of  a  perfectly  spherical  surface  be  made 
to  reflect  perfectly  parallel  ra^'s  of  light,  for  example  the 
rays  of  light  coming  from  a  star,  those  rays  which  strike 
near  the  center  of  the  mirror  will  be  so  reflected  as  to  come 
to  a  point  or  ** focus"  exactly  half  way  between  the  center 
of  curvature  of  the  mirror  and  its  surface;  those  which 
strike  the  mirror  near  its  edge  will  be  brought  to  a  focus  a 
little  before  they  reach  this  central  point,  and  the  rays  from 
other  parts  of  the  mirror  will  be  focussed  at  points  between 
these  two  extremes.  The  difference  between  the  focus  of  the 
central  and  that  of  the  outside  rays  of  a  spherical  mirror  is 
technicallv  called  its  **  aberration."  In  the  case  of  a  6-inch 
mirror  of  five  feet  focal  length,  the  aberration  is  a  little  less 
than  .02  of  an  inch.  This  may  seem  a  trifling  matter,  and, 
indeed,  if  we  use  an  eye-piece  of  one  or  two  inches  in  focal 
length,  giving  a  low  power,  so  slight  a  failure  to  focus  ex- 
actly would  not  seriously"  mar  the  mirror's  performance, 
but  if  we  wish  for  a  high  power  and  use  an  eN'e-piece  of  no 
more  than  one-eighth  or  even  one-quarter  of  an  inch  focus,  it 
can  easil3'  be  understood  how  an  aberration  even  of  one- 
fiftieth  of  an  inch  would  render  the  image,  thus  highly  mag- 
nified, blurred  and  indistinct  in  all  its  more  minute  details. 
A  good  **  definition  "  with  such  a  mirror  would  be  an  impos- 
sibility. The  remedy  is  either  to  shorten  the  focus  of  the 
central  rays  by  polishing  out  the  central  part  of  the  mirror, 
giving  it  more  curvature  here,  or  to  lengthen  the  focus  of  the 
outside  rays  by  giving  to  the  outer  portion  of  the  mirror  less 
curvature.  Upon  the  accuracy  with  which  this  correction  of 
the  figure  is  made  will  depend  the  value  of  the  mirror.  If 
the  figure  is  perfectly  corrected,  all  the  rays  of  light  from  a 
distant  luminous  point  will  be  brought  to  the  same  focus, 
and  the  image  formed  by  an  agregation  of  such  points  will 
be  so  sharply  defined  that  it  may  be  magnified  to  any  de- 
sired extent,  that  is,  until  a  limit  is  reached  beyond  which, 
owing  to  deficienc3"  of  light,  magnification  ceases  to  be  of  ad- 


vantage.  Such  a  figure,  it  is  easy  to  show  geometrically,  is 
a  section  of  a  paraboloid.  How  e.tceedingly  delicate  must 
be  the  work  of  producing  it,  may  be  judged  from  a  calcula- 
tion, made  by  Sir  William  Herschel,  that  to  give  to  a  foor- 
foot  mirror  whose  curvature  is  perfectly  spherical  a  parabol- 
ic curvature,  it  is  necessary  to  polish  off  from  the  part  near 
the  circumference  a  layer  of  metal  less  than  one  twenty- 
thousandth  part  of  an  inch  in  thickness.  With  the  most 
delicate  measuring  instruments  it  would,  of  course,  be  impos- 
sible to  detect  so  slight  a  departure  as  this  from  tbc  tmc 
spherical  figure.  This  can  be  done  only  by  means  of  optical 
tests,  and  of  these  there  are  several,  the  most  beautiful  of 
which,  discovered  by  Foucault,  is  about  to  be  described. 
63-  the  Foucault  method  we  are  enabled  to  determine  the  ex- 
act figure  of  a  mirror  by  simple  inspection,  all  the  features  of 
its  surface  being  exhibited  in  ft  highlyexaggerated  form ;  and 
it  may  be  remarked  here  that  had  Herschel  possessed  this 
test,  he  would,  no  doubt,  have  been  spared  many  a  weary 
hour  of  labor,  while  working  almost  blindly  to  improw  a 
mirror  without  knowing  exactly  where  its  defect  lay. 

The  method  of  testing  is  this:  The  mirror  is  suspended 
against  the  wall  of  a  darkened  room,  at  a  convenient  height 
from  the  floor,  and  at  the  center  of  curvature — in  the  present 
case  at  a  distance  of  ten  feet  fi"om  the  mirror — is  plai 
lamp  provided  with  a  metal  screen,  in  which,  directly 
posite  the  flame,  are  punched  two  or  three  holes  of  diS*e 
sizes.  The  largest  of  these  is  a  mere  pin-hole;  the  smallest, 
the  most  minute  which  can  be  made  with  the  point  of  a  fine 
cambric  needle.  The  light  radiating  from  these  holes.  falHi^ 
perpendicularly  upon  the  mirror,  is  reflected  back  and  fc 
optical  images  of  them,  which,  by  properly  setting 
mirror,  may  be  brought  a  few  inches  to  one  side  of  the 
so  that  they  can  be  magnified  and  examined  with  a  len; 
better  still,  with  a  telescope  eye-piece.  If  the  mirror  hi 
perfectly  spherical  curvature,  these  images  will  be 
sharply  defined,  as  in  a  microscope,  with  no  tails  of 
nor  diffused  illumination  about  them,  all  their  ragged 
being  distinctly  visible.  This  is  a  good  test  to  begin 
and  it  will  give  us  some  idea  of  the  condition  of  our  mirroTl 
but  it  is  far  less  delicate  than  the  Foucault  test  referred  to 
above,  which  is  now  universally  employed.    To  apply  Uttft 
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test,  remove  the  eye-piece  and  place  the  eye  eight  or  ten 
inches  back  from  the  focus.  The  holes  will  be  seen  as  lumin- 
oos  spots,  apparently  on  the  mirror  but  in  reality  ten  feet  in 
front  of  it.  Selecting  the  largest  of  them,  keep  it  steadily  in 
sight,  while  the  eye  is  slowly  moved  towards  the  focus. 
The  bright  spot  becomes  blurred ;  it  enlarges  to  a  luminous 
blotch  on  the  mirror,  and  finally,  when  the  eye  has  been 
brought  to  within  an  inch  or  less  of  the  focus,  the  whole 
surface  of  the  mirror  is  seen  suffused  well  with  light.  Now, 
keeping  the  eye  steadily  in  this  place,  take  a  straight-edge  in 
the  right  hand — a  narrow  strip  of  thin  metal  will  answer  for 
this  purpose — and  pass  it  slowly  across  the  cone  of  light 


near  the  focus  and  between  it  and  the  mirror.  As  the 
straight  edge,  held  perpendicularly,  enters  the  cone  of  rays 
it  is  seen  projected  as  a  dark  shadow  on  the  right  hand  side 
of  the  illuminated  mirror.  Repeat  the  act,  bringing  the 
straight  edge  a  little  nearer  to  the  focus.  When  it  has  l^een 
brought  to  a  certain  point,  the  shadow  on  the  mirror  ceases 
to  be  uniformly  dark,  as  at  first,  but  its  inner  edge  becomes 
shaded  and  curved  in  such  a  manner  as  to  give  to  the  mirror 
the  appearance  of  being  a  luminous  ball,  a  foot  or  so  in 
diameter.  The  illusion  is  perfect.  As  the  straight  edge  is 
brought  nearer  and  nearer  to  the  focus,  this  deceptive  ap- 
pearance of  convexity  becomes  less  and  less  marked  and 
finally,  when  it  is  passed  across  exactly  at  the  focus,  instead 
of  a  shadow  making  its  appearance  from  one  side,  the  illum- 
ination of  the  mirror  gradually  fades  over  all  parts  of  its 
surface  alike  and  the  impression  given  is  that  it  is  perfectly 
6at.    Continue  the  operation,  passing  the  straight  edge  be- 
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tween  the  focus  and  the  eye.  The  shadow  now  enters  from 
the  left  side  and  the  mirror  appears  to  be  concave.  These 
are  the  appearances  successively  presented  when  the  mirror 
is  perfectly  spherical.  If  it  has  some  other  figure, — if  it  is 
parabolic,  or  hyperbolic,  or  is  full  of  rings,  or  has  some 
other  defect  of  curvature,  a  practiced  eye  will  detect  its 
faults  at  once  by  the  appearance  presented  by  the  shaded 
surface.  If,  for  example,  it  is  parabolic,  the  figure  desired, 
when  the  straight  edge  is  inserted  into  the  focus,  the  surface 
of  the  mirror,  instead  of  appearing  to  be  flat,  will  appear 
ver3'^  slightly  concave  in  the  central  part  and  convex  near  its 
circumference.  If  it  is  hyperbolic,  that  is  more  than  para- 
bolic, a  similar  appearance  is  presented  but  more  exag- 
gerated. In  practice  our  mirrors  have  always  come  from 
the  polisher  with  a  hyperbolic  figure.  To  bring  them  to  a 
parabolic  figure,  it  has  been  necessary  to  polish  out  the  sur- 
face between  the  centre  and  the  circumference.  After  many 
experiments  we  have  found  the  best  and  safest  polisher  for 
this  purpose  to  be  the  finger.  The  process  requires  the 
greatest  care  and  the  work  must  be  examined  every  few 
minutes  by  the  means  above  described.  How  delicate  an 
operation  it  is  can  be  imagined,  when  it  is  said  that  the 
warmth  of  the  hand,  held  above  the  mirror  in  polishing, 
expands  its  upper  surface  to  such  an  extent  as  very  sensibly 
to  change  its  figure.  Each  time  that  it  is  set  up  to  be  tested, 
an  interval  of  ten  or  fifteen  minutes  must  be  allowed  to 
elapse  to  give  it  time  to  resume  its  normal  shape. 

When  the  figure  of  the  mirror  has  in  this  way  been  so  far 
corrected  that,  as  tested  b\'  the  Foucault  method,  it  is 
thought  to  be  very  nearly  parabolic,  a  second  and  final 
test  is  applied  to  it.  We  need  here  mereh*^  indicate  the 
nature  of  this  test,  without  going  into  all  its  details.  It  is 
based  upon  the  amount  of  the  aberration  in  the  case  of 
a  parabolic  mirror,  when  it  is  made  to  reflect  light 
radiating  from  the  center  of  curvature.  To  confine  our 
attention  to  the  case  in  hand,  it  can  be  shown  geo- 
metrically that,  were  this  mirror  of  a  parabolic  figure, 
so  that  parallel  rays  from  a  very  distant  luminous  point 
would  all  be  brought  to  the  same  focus  at  a  distance 
of  five  feet  from  its  face,  the  rays  from  a  point  at  ten  feet  dis- 
tant would   be  so  reflected  that,  while   the  central    rays 
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would  return  exactly  to  the  starting  point,  the  focus  of  the 
outside  rays  would  fall  about  .08  of  an  inch  beyond.  With 
this  fact  to  work  upon,  an  ej'e-piece  is  now  brought  into 
use,  so  mounted  that  by  means  of  a  lever  it  can  readil3'^  be 
adjusted  to  .001  of  an  inch.  The  problem  now  is  to  make 
the  mirror  conform  to  its  theoretical  performance  in  its 
present  position,  supposing  it  to  be  parabolic.  Three  or 
four  card-board  screens  are  prepared,  at  the  center  of  one  of 
which  is  cut  a  hole  an  inch  and  a  half  in  diameter  and  in  the 
others,  circles  of  a  quarter  of  an  inch  in  breadth  and  of  dif- 
ferent diameters.  These  screens  are  successively  suspended 
in  front  of  the  mirror,  63'^  this  means  the  central  part  of 
the  mirror  and  a  series  of  concentric  circular  sections  of  the 
rest  of  its  surface  may  be  examined  separately,  the  proper 
focus  of  each  section  having  been  previously  ascertained 
and  marked  upon  an  index  card.  The  Foucault  test  also  is 
used  in  connection  with  this,  as  it  aflFords  the  best  means  of 
determining  the  regularity  of  the  curvature  and  of  detect- 
ing any  local  defects. 

Our  mirror,  having  been  brought  finally  to  respond  satis- 
factorily to  all  these  tests,  was  put  again  on  a  large  polisher 
and  was  smoothed  by  a  half  hour's  careful  polishing.  Being 
then  laid  aside  for  some  hours,  it  was  again  tested  and  its 
performance  being  still  satisfactory,  the  work  of  polishing 
was  decided  to  be  completed.  One  thing  further  remained 
to  be  done.  With  the  utmost  care  it  is  impossible  to  make 
the  figure  correct  to  the  extreme  edge.  The  mirror  was, 
therefore,  now  placed  face  downward  upon  the  iron  plate 
with  which  we  started,  and  a  quarter  of  an  inch  of  its  edge 
was  ground  oflF,  leaving  the  polished  surface  with  a  diame- 
ter of  but  6V4  inches,  surrounded  by  a  narrow  border  of 
ground  glass. 

It  will  naturally  be  asked  what  a  mirror  of  this  size  will 
do.  The  following  trial  was  made  of  this.  It  was  tempor- 
arily mounted,  while  still  unsilvered ;  a  slip  cut  from  a  news- 
paper was  posted  at  a  distance  of  450  feet  and  the  im- 
provised telescope  was  directed  toward  it.  By  using  an  eye- 
piece which  gave  a  power  of  300  diameters,  this  slip  of 
paper  was  ** brought"  to  a  distance  of  about  1V4  feet  from 
the  eye.  Notwithstanding  that  the  illumination  was  very 
faint,  the  paper  could  be  read  as  easily  as  though  it  had 
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a    Mirror,    icrtcd    by 
Mrtliod.    1.  SphcricaJ 

3.  Hrpcrbollc;  *,  Pull  < 


been  hdd  in  the  hand  at  that  distance  in  a  djmlr  lighttd 
room.  Every  letter  and  punctuation  mark  was  sharply  de- 
fined. When  this  mirror  is  silvered  it  will  reBcct  about 
twenty  times  as  much  light  as  now,  and  its  performance 
will  not  be  considered  satisfactory  if  it  does  not  bear  a 
power  of  at  least  -iOO  diameters  upon  such  objects  as  the 
moon  and  the  planets  and  of  500  upon  stars.  According  to 
the  formula  of  Dawes  and  Foucault  it  should  separate  a 
double  star  of  which  the  components  are  no  more  than  0"i,i 
apart.  But  the  actual  performance  of  the  best  teles 
rarely  comes  up  to  its  tbj 
^  ^  El  1^        retical  powers  and  we  marl 

m  S  ^  M        content  in   this  instance  ^ 

^  ^  a  ^        a  separating    power    of 

H  M  ^  M        This  may   be  expressed  i 

clearly  by  saying  that  if  t 
}  2  <J  -r         small    holes    punctured    ini 

;Hu?t  plate  of  metal  one-tenth  of  a 
"*'"'■  inch  apart  were  illuminnted 
by  a  strong  light  placed  behind 
the  plate,  they  should  be  seen  distinctly  as  two  separate 
points  of  light  at  a  distance  of  nearly  one-third  of  a  mile. 
The  actual  distance  apart  of  the  images  of  these  holes  at  the 
focus  of  the  mirror  would  be  .0003  of  an  inch. 

A  mirror  is  not  a  complete  telescope,  it  is  true,  but  it  is  the 
part  most  difficult  to  piake.    One  who  has  succeeded  with 
this  part  of  the  work,  will  have  no  trouble  with  the  rest. 
To  make  a  suitable  tube,  of  wood  or  paper  or  sheet  metal, 
to  make  a  "flat"  (like  the  large  mirror  made  of  glass  and 
silvered)  and  to  mount  the  instrument  in  some  conveniM 
way    are  comparatively  easy  matters.     Eye-pieces  canj 
purchased,  if  it  is  not  convenient  or  desirable  to  make  thi 
Upon  the  making  of  the  mirror,  therefore,  the  first  cnei 
are  to  be  expended.    The  description  of  the  process  gi^ 
above  is  not  designed  to  afford  working  directions ;  its  f 
pose  has  been  mainly   to  direct  attention  to  a  recogntfl 
field  for  amateur  work  and   to  exhibit  the  processes  em- 
ployed with  sufficient  fullness  to  show  that  they  are  really, 
quite  simple  and  such  as  almost  anyone  can  hope  to  mast 
with  a    little  perseverance.     Those    who    may   wish  foq 
more  complete  treatment  of  this  subject,  will  find  much  t 
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fill  information  in  the  article  on  The  Telescope^  by  Sir  John 
Herschel,  in  the  Encyclopedia  Britannica^  and  in  Vol.  XIV  of 
the  Smithsonian  Contributions  (1865),  in  which  Professor 
Henry  Draper  g^ves  a  very  complete  account  of  the  construc- 
tion of  a  15%  inch  telescope,  including  a  description  of  the 
process  of  silvering  the  mirror.  In  concluding,  we  advise  the 
beginner  not  to  be  too  ambitious,  but  to  try  his  "prentice 
hand  "  on  a  mirror  of  no  more  than  three  inches  in  diameter, 
for  which  a  disc  of  common  plate  glass  %  or  %  of  an  inch  in 
thickness  will  answer.  A  good  telescope  of  so  small  an 
aperture  even  as  this  is  by  no  means  an  instrument  to  be 
despised.  The  writer  has  a  3-inch  reflector,  of  two  feet  focal 
length — so  small  an  instrument  as  to  appear  almost  as  a 
toy — which  bears  a  power  of  two  hundred  diameters.  It 
gives  very  fine  views  of  the  lunar  mountains,  will  show, 
with  a  fair  amount  of  detail,  the  belts  of  Jupiter,  the  mark- 
ings on  Mars  and  the  division  in  the  ring  of  Saturn.  With 
such  an  instrument  one  can  examine  any  of  the  objects  given 
in  Webb's  Celestial  Objects  for  Common  Telescopes, 


THE    RADIANT-POINTS  OF  METEORS. 


W.  H.  S.  MONCK. 


For  The  Mbmbnger. 

Mr.  Denning 's  Catalogue  of  Meteor-Radiants,  published 
in  the  May  number  of  the  Monthly  Notices  of  the  Royal 
Astronomical  Society,  will,  I  believe,  when  fully  examined, 
largely  modify  the  views  generally  entertained  by  astrono- 
mers on  the  subject.  It  is,  I  believe,  the  most  remarkable 
contribution  to  this  branch  of  the  science  ever  made  (or  likely 
to  be  made)  by  one  man.  The  first  point  which  it  places  in 
a  clear  light  is  the  existence  of  stationary  or  long-continued 
radiants.  Of  these  Mr.  Denning  now  enumerates  45,  and  no 
small  proportion  of  his  918  observed  radiants  belong  to 
these  45  stationaries.  But  an  examination  of  the  catalogue 
leads  me  to  think  that  the  number  of  stationarv  radiants 
might  be  doubled  w^ithout  going  beyond  the  limits  of  Mr. 
Denning's  catalogue.  It  would  occupy  too  much  space  were 
I  to  attempt  to  set  out  a  detailed  list  of  these  additional 
stationaries.    Some  of  them  I  shall  have  occasion  to  refer 
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to  specially,  but  before  doing  so  I  shall  give  as  an  example 
one  which  I  do  not  propose  to  use  for  any  other  purpose : 

No.  in  Catalogue.    Radiant-Point.  Date. 

433  '  70°  +  66°  Aug.  21,  23. 

477  70    +65  Aug.  27. 29. 

555  69    +  70  Sept.  17,  19. 

672  70   +  65  Oct.  15,  20. 

769  70   +  65  Nov.  13. 

799  69    +  66  Nov.  19.  20. 

856  70    +67  Dec.  4, 8. 

I  think  any  one  who  will  take  the  trouble  of  writing 
out  Mr.  Denning's  catalogue,  not  in  order  of  date  but  in 
order  of  right  ascension  or  declination,  will  be  satisfied 
that  stationary  or  long-continued  radiants  are  not  the 
exception  but  the  rule.  I  venture  to  put  forward  as  a  hy- 
pothesis that  this  is  not  merely  the  rule,  but  an  invariable 
law,  the  exceptions  being  accounted  for  by  the  tenuity  of 
certain  showers  and  the  want  of  sufficient  observations. 
Thus,  for  instance,  when  the  radiant  is  below  the  horizon, 
meteors  from  it  are  not  likely,  to  be  observed ;  or  when  it  lies 
to  the  west  while  the  observer  is  looking  east  (as  Mr.  Den- 
ning generally  did).  Clouds  and  moonlight  interfere  with 
observations,  and  no  observer  is  on  the  lookout  every  fine 
night,  while  Mr.  Denning,  with  all  his  energy  and  persever- 
ance seldom,  if  ever,  watched  through  an  entire  night. 

This  hypothesis  can  hardly  be  reconciled  with  the  comc- 
tary  theory  w^hich  is  generally  accepted,  or  with  the  shifting 
radiants  which  Mr.  Denning  thinks  he  has  observed  in  sever- 
al instances.  I  shall  not,  of  course,  altogether  den^'  the  in- 
fluence of  certain  comets  on  certain  meteor-showers  but  I 
think  it  is  of  a  different  character  from  what  is  generally 
supposed.  In  order  to  show  this  I  shall  endeavor  to  prove 
that  the  Perseid  and  Andromede  radiants  are  stationarv  or 
long-enduring  radiants  which  supph'  us  with  a  considerable 
number  of  meteors  when  we  are  at  a  great  distance  from  the 
comet's  node. 

PERSEID  RADIANT. 

{Omitting'  the  Numerous  Observations  in  the  First  of  August.) 

No.  in  Denniiig's       Radiant- 
Date. 
June  l-i,  25. 
July  27.  31. 

Aug.  20,  21.  Mean  Position 

(Sept.  5.)  44*^-1-56^ 

Oct.  6,  12. 
Oct.  8,  14. 
Nov.  7. 
Nov.  29. 
Dec.  1,  10. 


Catalogue. 

Point. 

171 

40^  -f  56- 

298 

43    -f  58 

422 

40    -f  59 

(Tupinan) 

(•4:2    +55) 

634 

42    +55 

656 

43    +58 

745 

45    +60 

830 

44+56 

847 

44+56 
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This  table  suggests  that  Mr.  Denning  was  in  error  in  de- 
scribing this  radiant  as  a  shifting  one,  and  that  it  is  in  fact 
continuously  active  without  any  material  change  in  posi- 
tion from  June  to  December.  Mr.  Denning  has,  I  think,  con- 
founded the  meteors  derived  from  this  source  with  those  be- 
longing to  three  other  stationary  radiants  which  appear 
thus  in  his  catalogue : 

FIRST  STATIONARY  RADIANT. 
No.  in  Catalogue.    Radiant-Pt.  Date. 


188 

3°  -f  49^ 

July  8,  11. 

199 

6+53 

July  12. 

219 

5    H-52 

July  16.              Mean  Position 

221 

7-1-53 

July  17.                      6°  +  52° 

357 

8    H-53 

Aug.  10,  12. 

666 

7    H-51 

Oct.  15.  20. 

758 

5    -f-52 

Nov.  10,  13. 

SECOND  STATIONARY  RADIANT. 

149 

20°-|-'58'' 

May  30. 

260 

18    -f58 

July  28. 

278 

21    -1-57 

July  20,  Aug.  1.    Mean  Position 

320 

20   +58 

Aug.  2,  4.                   20°  +  57° 

521 

20  :+  56 

Sept.  13,  22. 

652 

21    +.55 

Oct.  14. 

THIRD  STATIONARY  RADIANT. 

264 

32°  +  53° 

July  27,  28. 

290 

32   +53 

July  30,  Aug.  1. 

311 

33    +55 

Aug.  2.                   Mean  Position 

443 

32    +50 

Aug,  14,  23.               32°  +  53° 

514 

33    +54 

Sept.  6,  9. 

587 

31    +52 

Sept.  21,  25. 

Under  the  last  of  these  heads  I  have  omitted  some  of  Mr. 
Denning's  radiants  which  are  nearly  of  the  same  date  and 
value  as  those  inserted. 

These  four  radiants  appear  to  be  simultaneously  active  at 
the  end  of  July  and  beginning  of  August,  when  they  often 
seem  to  run  into  each  other  by  imperceptible  degrees,  but  in 
their  later  developments  (as  well  as  in  the  earlier  develop- 
ments of  the  principal  radiant  and  that  which  I  have  de- 
scribed as  the  second  stationary),  they  are  easily  distin- 
guished, and  I  suspect  that  some  radiants  have  been  erro- 
neously determined  because  meteors  belonging  to  different 
neighboring  streams  happened  to  pass  nearly  through  the 
same  point.  I  desire  to  call  attention  to  the  fact  that  Mr. 
Denning  has  observed  meteors  from  the  radiants  which  I 
have  described  as  the  first,  second  and  third  stationaries  in 
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the  month  of  August  throughout  the  whole  of  which  month 
he  ascribes  a  greater  R.  A.  to  the  Perseids;  in  addition  to 
which  he  has  observed  meteors  from  the  true  or  principal 
Perseid  radiant  (44°  +  56°)  before  the  end  of  July.  These 
facts  seem  to  me  to  prove  that  we  are  dealing  not  with  a 
shifting  radiant  but  with  several  radiants  which  are  in  sim- 
ultaneous action. 

The  Andromede  shower  of  November  28  seems  also  to  pro- 
ceed from  a  fixed  or  stationary  radiant,  though  Mr.  Den- 
ning did  not  notice  any  meteors  from  it  later  than  the 
principal  shower.  The  following  are  the  earlier  appear- 
ances. 

No.  in  Catalogue.    Radiant-Point.  Date. 


321 

26°  +  42° 

Aug.  4, 10. 

401 

22    +46 

Aug.  12.  16. 

411 

25    +42 

Aug.  19,  21. 

Mean  Position 

441 

24   +42 

Aug.  21.  25. 

25°  +  44° 

488 

28    +45 

Sept.  4. 16. 

669 

25+44 

Oct.  14, 15. 

740 

25    +46 

Nov.  4.  7. 

809 

24   +45 

Nov.  25,  27. 

I  think  I  am  justified  in  concluding  from  these  data,  first, 
That  the  great  majority  of  radiants  are  stationary  or  long- 
enduring.  Second,  that  no  shifting  radiant  has  hitherto 
been  conclusively  proved ;  and  third,  that  two  at  least  of  the 
supposed  cometary  showers  proceed  from  stationary  or 
long-continued  radiants  which  are  active  even  when  the 
earth  is  a  great  distance  from  the  node  of  the  comet's  orbit. 

The  question  next  comes,  How  can  stationary  radiants  be 
explained?  I  venture  to  offer  the  following,  not  without 
some  hesitation,  as  it  has  not  been  accepted  by  some  mathe- 
matical friends  to  whom  I  communicated  it. 

Suppose,  for  illustration,  that  a  river  runs  E.  to  W.  with  a 
raft  floating  down  it  close  to  the  bank  and  that  a  number 
of  balls  are  rolled  over  the  bank  in  a  direction  N.  to  S. 
with  a  constant  velocit3%  each  of  which  rolls  on  to  the  raft. 
Now  to  a  person  on  the  raft  the  balls  rolling  across  it  seem 
to  be  travelling  N.  to  S.  no  matter  at  what  rate  the  raft  is 
moving;  for  this  person  moves  with  the  raft  and  is  uncon- 
scious of  his  own  motion.  Again  let  the  channel  of  the  river 
take  a  bend  to  the  N.  the  balls  still  seem  to  the  man  on  the 
raft  to  move  across  it  in  the  same  direction  (N.  to  S.)  as  be- 
fore.   The  onlv  difference  is  that  the  velocitv  is  increased. 
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Let  it  now  take  a  bend  to  the  S.  The  direction  of  the  balls 
is  still  unaltered.  They  only  appear  to  roll  across  the  raft 
with  diminished  velocity.  In  the  case  of  the  earth  the  at- 
mosphere plays  the  part  of  the  raft.  It  moves  with  the 
earth  and  the  spectator  moves  with  both.  The  meteor  at 
the  moment  when  it  first  becomes  visible  already'  partakes 
in  the  motion  of  the  raft — that  is  of  the  air  or  of  the  earth ; 
and  as  long  as  meteors  reach  lis  from  the  same  direction  we 
shall  refer  them  to  the  same  radiant.  Stationarv  radiants 
therefore,  simply  mean  that  meteors  come  to  us  for  months 
in  succession  from  the  same  direction.  The  change  in  the 
earth's  motion  would  not  affect  the  apparent  direction  or 
radiant-point  of  |the  meteors  but  only  their  apparent  velo- 
city. And  accordingly  Mr.  Denning  notices  that  their  ap- 
parent velocity  is  altered.  Thus  of  a  shower  from  another 
point  in  Perseus  (47°  +  44°)  he  says :  **  In  July  and  August 
they  move  very  swiftly  and  leave  bright  streaks.  In  Sep- 
tember the  motions  are  still  very  swift  but  the  meteors  are 
then  devoid  of  streaks  except  in  the  more  brilliant  instances. 
In  October  the  speed  has  palpably  slackened,  my  description 
of  the  flights  being  *  moderately  swift,'  while  in  the  middle  of 
November  I  estimated  them  as  'rather  slow.'  At  the  end  of 
that  month  and  early  in  December  my  records  give  *slow' 
and  *  very  slow,'  and  this  also  applies  to  the  meteors  of  this 
radiant  seen  between  December  18— January  11  and  Feb- 
ruary 23— March  12"  {Monthly  Notices  vol.  50,  p.  416). 
This  extract  sufficiently  disposes  of  the  theory  of  the  late 
Mr.  Proctor  that  these  radiants  appeared  to  be  stationary 
because  the  velocity  of  the  component  meteors  was  very 
great  compared  with  that  of  the  earth.  Some  of  them  are 
very  slow  according  to  Mr.  Denning  but  their  velocities 
vary  at  different  times  as  on  my  h3'pothesis  they  ought  to 
do.  The  earth  is  receding  from  the  radiant  in  question 
when  the  observed  motion  is  slow  and  approaching  it  when 
the  observed  motion  is  fast. 

But  how  on  this  hypothesis  can  the  influence  of  the  comets 
on  certain  showers  be  explained.  On  this  point  I  can  only 
offer  a  conjecture.  Suppose  in  the  illustration  already  given 
that  the  balls  are  electrified  and  that  suddenly  a  large  op- 
positely electrified  bod}'  moves  down  through  them  in  a  di- 
rection nearly'  N.  to  S.  Evidentl}'  the  effect  will  be  to  draw 
the  balls  toward  the  track  of  this  large  body  and  thus  ren- 
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der  them  thicker  near  the  track  than  at  a  distance  from  it; 
and  thus  even  if  the  large  body  stops  before  reaching  the 
bank  of  the  river  more  balls  will  roll  on  to  the  raft  at  its 
point  of  nearest  approach  than  elsewhere.  The  eflFect  will  be 
more  marked  if  the  large  body  crosses  the  river;  and  I  may 
add  that  a  slight  shifting  of  the  radiant  might  arise  owing 
to  the  balls  being  drawn  slightly  oUt  of  their  course  by  the 
attraction.  Substituting  gravitation  for  electricity  the  re- 
sult is  unaltered.  A  comet  running  through  a  meteor-cloud 
would  cause  the  meteors  to  become  thicker  about  its  track 
and  thinner  outside  of  it  and  might  also  occasion  a  slight 
shifting  of  the  radiant. 

The  changes  in  the  velocity  of  the  meteors  referred  to  the 
four  stationary  radiants  in  Perseus  are  exactly  what  they 
ought  to  be  on  the  hypothesis  which  I  have  now  put  for- 
ward. The  early  meteors  from  all  four  radiants  are  de- 
scribed as  swift  and  usually  as  accompanied  by  streaks.  At 
No.  521  (Sept.  13,  22)  I  first  meet  the  word  **slowish"  No. 
587  (Sept.  21,  25)  is  also  **slow.''  And  from  this  to  the 
end  all  the  streams  are  described  as  slow  with  two  or  three 
dubious  exceptions.  With  the  Andromedes  also  I  find  that 
while  the  meteors  in  the  well-known  November  shower  are 
slow  the  August  meteors  from  the  same  radiant  are  de- 
scribed as  swift,  the  September  as  rather  swift  and  the  Oc- 
tober slow.  In  fact  the  meteors  from  every  radiant  in  this 
part  of  the  sky  slacken  their  speed  between  August  and  No- 
vember as  they  ought  to  do  on  my  hypothesis. 

In  conclusion  I  may  remark  that  the  close  agreement  of 
the  orbits  of  four  meteor-showers  with  those  of  four  known 
comets  depends  to  a  great  extent  on  uncertain  estimates  of 
the  velocities  of  the  meteors.  A  swifter  or  slower  motion 
would  derange  the  supposed  orbits  materially  and  I  suspect 
that  the  estimated  velocitv  of  the  meteor  has  sometimes  de- 
pended  on  theoretical  considerations  rather  than  actual  ob- 
servation. In  the  case  of  a  large  Andromede  fireball  w^hich 
was  observed  at  a  number  of  different  places  some  years 
ago.  Col.  Tupman,  from  the  observations,  computed  an 
orbit  differing  considerably  from  that  of  Biela's  comet,  the 
eccentricity  being  small  and  the  period  only  462  daj^s.  This 
orbit  is  more  consistent  with  the  theorv  of  Tschermak  and 
Sir  Robert  Ball  than  with  the  cometary  theory. 

July  19,  1890. 
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VISUAL  OBSERVATION  OF  THE  SURFACE  OF  MARS. 


WILLIAM  H.  PICKERING. 
Fob  the  Mrssbnobr. 

In  connection  with  the  series  of  photographs  of  this 
planet  taken  upon  Mt.  Wilson,  and  referred  to  in  the  June 
number  of  The  Messenger,  a  careful  series  of  visual  ob- 
Yisual  observations  have  been  made  at  Cambridge  by  the 
writer  with  the  Boyden  12-inch  refractor.  The  points  to 
which  especial  attention  has  been  directed  are  primarily  the 
colors  exhibited  by  the  planet,  and  secondarily  the  delinea- 
tion of  the  finer  detail  upon  its  surface.  Regarding  the  lat- 
ter there  is  no  question  but  Green's  map  (Mem.  Roy.  Ast. 
Soc.,  Vol.  XLIV.,  p.  123)  gives  much  the  best  idea  of  the  ap- 
pearance of  the  planet  and  the  general  shape  of  the  details 
of  anything  yet  published.  On  the  other  hand  there  is  con- 
siderable fine  detail  which  is  not  given  by  Green,  which  is 
certainly  seen  in  Cambridge,  and  which  agrees  more  or  less 
with  that  represented  by  Schiaparelli  (Reale  Accad.  dei  Lin- 
ed, 1886,  Vol.  III.,  p.  281).  It  seems  to  me  most  unfortu- 
nate that  the  name  of  canals  has  been  attached  to  these 
finer  markings  upon  the  planet,  for  there  has  not  been  the 
slightest  evidence  brought  forward  in  support  of  the  suppos- 
ition that  they  are  filled  with  water,  and  such  a  supposition 
is,  to  say  the  least  of  it,  very  improbable. 

The  easiest  one  of  all  the  canals  to  see  is  that  shown  by 
Green  under  the  name  of  Nasmyth  Inlet,  and  which  Schia- 
parelUi  indicates  by  two  very  faint  lines  to  which  he  gives 
in  various  portions  of  their  length  the  names  of  Protonilus, 
Ismenius  Lacus,  Deuteronilus,  and  Jordanis.  Schiaparelli's 
Boreosyrtis  and  Astapus  are  also  readily  seen.  With  these 
exceptions  it  was  a  long  time  before  I  could  detect  any  of 
Schiaparelli 's  canals.  This  I  afterwards  found  was  in  part 
due  to  my  using  too  high  a  power,  and  in  part  to  my  eye  be- 
ing unaccustomed  to  the  work.  Now  even  when  the  seeing 
is  only  moderate,  there  is  no  diflSculty  in  also  seeing  Styx, 
Fretum  Anian,  and  Hyblaeus.  Several  other  canals  in  this 
same  region  have  been  recognized,  including  Cerberus,  Eu- 
nastos,  Hephaestus,  Alcyonius,  Cyclops,  and  Laestrygon. 
These  have  all  been  discovered  independently  of  the  map, 
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and  represented  on  at  least  two  separate  drawings.  I  hare 
not  yet  been  able  to  double  any  of  them,  or  to  see  many  of 
the  fainter  ones,  but  I  have  the  highest  admiration  for  ihe 
eyesight  of  the  astronomer  who  could  discover  them  in  the 
first  place  with  an  8-inch  telescope.  Now  that  their  exist- 
ence is  known,  there  should  be  no  difficulty  for  anyone  witha 
little  practice  and  moderate  eyesight  in  seeing  the  more  coo- 
spicuous  ones,  with  a  telescope  of  ten  or  twelve  inches  aper- 
ture. Save  under  exceptional  circumstances  the  power  cm- 
ployed  should  not  exceed  one  or  two  hundred. 


CURRENT  CELESTIAL  PHENOMENA. 
THE  PLANETS, 
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Mercury  will  be  ''morning  star"  during  October,  having;  just  poktacd 
inferior  conjunction.  He  will  be  at  greatest  elongation  west  IrvDi  tbc  sm 
oo  October  14,  rising  then  abont  an  hour  aud  a  half  earlier  than  the  mn. 
For  a  few  days  about  that  time  it  wilt  be  visible  to  the  naked  cy«  in  Ihr 
morning,  near  the  cast  point  of  the  horizon. 

Venus  is  the  brilliant  "evening  star"  seen  in  the  southwest  a 
set.    She  will  be  at  her  greatest  brilliaiiey  October  20,  but  ii 
proaching  inferior  conjunction  so  as  to  be  visible  but  a.  shori 
evening.    The  diameter  of  Venus'  disk  increases  from  28",  Octobc 
44.4",  November  2 ;  while  the  phase  decreases  in  the  same  time  fronll 
to  0.224,    An  interesting  article  on  the  planet  Venus,  by  Profess 
Schiaparelli  of  the  Milan  Observatory,  is  contained  in  L'AstroiK 
August,  1890,    The  writer  discusses  the  observations  of  the  elder  C 
and  Biancliini,  and  conclndcs  that  there  is  no  good  ground  for  the  a 
tion  of  23''  20""  as  the  rotation  period  of  Venus.    This  period  wa; 
rived  by  the  elder  Cassini.  but  by  his  son,  who  himself  could  idcnlt^  n 
of  the  markings  which  his  father  saw  upon  the  planet.    The   peri™ 
about  twenty-fonr  days  would  mnch  better  satisfy  the  observatJa 
Bianchini  and  equally  well  those  of  Cassini.    Whether  this  period  u 
rotation  or  of  a  large  libration,  like  that  of  Mercury,  cannot  be  d 
irom  the  data  at  hand. 

Mars  is  still  visible  in  the  southwest  in  the  evening,  his   conni 
month  being  eastward  Ihrongh  the  constellation  Sa^ttarios. 
has  come  to  hand  concerning  physical  observations  of  Mars,  except  £ 
terestiiig  article  by  Professor  Pickering,  which  is  given  elsewhere  ii 
journal. 

Jupiter  is  in  good  position  for  observation  in  the  early  t 
his  low  altitude  in  northern  latitudes  is  unfavorable  to  the  study  of  ■ 
details  of  his  surface.    The  great  red  spot,  while  not  conspicuous,  i 
easily  seen  than  during  last  year.    It  preserves  the  form  of  an  oral  ri 
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its  position  relative  to  the  great  southern  belt  remains  unchanged.  An 
interesting  paper  on  the  belts  and  markings  of  Jupiter,  by  Mr.  N.  £.  Green, 
is  contained  in  the  Memoirs  of  the  R,  A.S.,  Vol.  XLIX.  It  is  the  result  of 
the  study  of  a  series  of  drawings  of  Jupiter,  made  by  the  writer  during  the 
period  from  1859  to  1887.    We  quote  some  of  the  conclusions  derived : 

"  It  may  be  fairly  concluded  that  Jupiter  is  surrounded  with  an  atmos- 
phere. That  this  atmosphere  contains  a  large  amount  of  vapor  which 
is  condensed,  under  varying  circumstances,  into  forms  greatly  resembling 
those  of  terrestrial  clouds.  That  from  60°  to]the  poles  this  vapor  forms 
quiescent  and  nearly  unchanging  caps  of  cloud.  That  this  amount  of  con- 
densation suggests  the  existence  of  extensive  areas  of  water.  That  from 
45°  to  the  equator,  both  on  the  north  and  south,  the  planet  is  in  a  state  of 
constant  change,  not  only  in  its  superficial  markings,  but  also  in  the  sur- 
faces which  underlie  its  atmosphere.  That,  notwithstanding  this  tendency 
to  change,  forms  having  considerable  permanence  are  possible.  That  such 
forms  are  possible  only  in  the  direction  of  revolution,  as  is  evidenced  by 
the  shape  of  the  red  spot,  and  the  smaller  spots  following  it  in  1885,  and 
therefore,  all  forms,  whether  of  land  or  water,  or  intermediate  states  of 
matter,  must  agree  with  the  direction  of  the  belts.  That  although  Jupiter 
may  retain  a  large  amount  of  original  heat,  it  is  not  to  any  extent  incan- 
descent. This  view  is  supported  by  the  fact  that  the  most  frequent  changes 
are  confined  to  a  space  extending  45°  on  each  side  of  the  equator,  or  to 
that  part  most  under  the  influence  of  the  sun,  indicating  that  the  power 
producing  these  changes  comes  principally  from  without,  and  that  the 
changes  are  chiefl3'  of  an  atmospheric  character.  This  remark  does  not 
apyly  to  the  red  spot,  or  to  the  copper  color  of  the  equator  and  belts, 
which  in  all  probability  were  due  to  the  action  of  forces  within  the  body  of 
the  planet." 

Saturn  may  be  seen  toward  the  east  in  the  morning  a  couple  of  hours 
before  sunrise.  The  angle  of  the  earth  below  the  plane  of  the  rings  is  less 
than  5°,  so  that  the  details  of  the  surface  of  the  rings  can  be  seen  only  with 
difficulty. 

Uranus  cannot  be  seen  during  this  month.  He  will  be  in  conjunction 
with  the  sun  October  20.  On  April  13,  1890,  two  observers  at  Lick  Ob- 
servatory, with  the  36-inch  telescope,  were  satisfied  that  the  planet  Uranus 
had  two  faint  bands  on  its  surface.  Their  position  angle  was  estimated  at 
90°  ±  by  Professor  Holden  and  105°  ±  by  Professor  Schaberle.  These  re- 
sults for  position  angle  differ  greatly  from  those  obtained  by  Perrotin  at 
Nice. 

Neptune  is  risible  all  night  afler  8  p.  m.  He  ma^'  be  found  with  a  tele- 
scope of  6  inches  aperture  about  1°  north  and  30'  east  of  the  star  Epsilon 
Tauri. 


MERCL'RY. 

Date. 

R.  A. 

h     m 

Dccl. 

0     / 

RUes. 
h    m 

Transits, 
h      m 

Sets, 
h    m 

Oct.   25.... 

Nov.    5.... 

15.... 

....13  10.3 
....14  17.3 
....15  20.3 

-  5  23 

-  12  44 

-  18  33 

5  12  A.  M. 

6  06     " 
654    " 

10  54.2  A.  M. 

11  17.9     " 
II  41.2     ** 

4  36  P.  M, 

430     " 
4  28     " 
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VENUS. 

R.  A.          Decl.                 Rises.                  Transits.  Sets. 

1890.              hm             °      '             hm                     hm  hm 

Oct.    25 16  46.1      -  27  34           10  28  A.  M.          2  29.3  p.  M.  6  30  P.  M. 

Npv.    5 1708.0    —2802         10  10    "            208.1     "  607    " 

15 17  13-2      -  27  21              9  32      "                I   34.0      "  5   36     ** 

MARS. 

Oct.    25 19  35.4      -  23  45            12   57  P.  M.           5    18.4  P.  M.  9  40  P.  M. 

Nov.     5 20  08.9      —  22   05            12   37      "                5   08.4      "  9   39     " 

15 2039.1       —  20    II             12   20      "  4   59.2      **  9   38     •* 

JITPITER. 

Oct.    25 20  24.2      —  20  08               I    27  P.  M.           6  06.9  p.  M.  10  47  p.  M. 

Nov.    5 2028.8     —  19  51         12  48    "            528.4    "  1009    " 

15 20  34.2      -    19   32            12    12      "                4  54.3      *'  9   37      *« 

SATURN. 

Oct.    25 II  02.9      +     756               2    12  A.  M.  847.3  A.M.  3   22  P.M. 

Nov.    5 II  06.8    +7  35           I  34    "  807.8    •*  241 

15 II  09.7     +719         1259    *•  731.5     "  204 

URANUS. 

Oct.    25 13  42.5      —   10  03              6  03  A.  M.  II    26.3  A.  M.  4   50  P.  M. 

Nov.    5 1345'     -  10  18           523    •'  10  45-7    **  4  08    •' 

15 13  47-4     -  10  31           447     "  1008.6     "  330    " 

NEPTUNE. 

Oct.   25 4  18.7    +  19  43           6  34  p.  M.  2  oo.i  a.  m.  9  26  a.  Ji. 

Nov.    5 4  176    +  19  4>           5  50    **            I  '5-7     "  8  42    - 

15 4  16.5     +  19  3^          5  09    "  12  35.3     •'  8  01     •♦ 

THE  SUN. 

Oct.   20 13  41.4     —  10  31           6  23  A.M.  II  44-8  A.  M.  5  06  p.  31. 

25 14  00.4     —  12   16           6  30     **  II  44.1     **  4  58 

30 H  198     -  13  57           6  37     •'  II  43.7     "  4  51 

Nov.    5 14  43-4     -  15  51           6  45     "  •  II  43.7     "  4  43 

10 15  03.5     —  17  18           6  56     •'  II  44.1     **  4  32 

15 '5  23.9     -  18  38           6  58    *'  II  44.8     **  4  33 

THE  MOON. 

Oct.    20 19  47.8      —  24  26              I    26  P.  M.  5    50.2  P.  M.  10    17  P.  M. 

2$ O  40.1       —     O  49        '     4    19      "  10  22.1      "  4   34  A.M. 

30 5  '45    +  23  27          6  43    "  2  36.1  A.  M.  10  35    " 

Nov.    4 9  45-5    +  '8  36         11  08    "  6  46.7    "  2  16  p.  m. 

10 13  40.0     —    6  08           4  26  A.  M.  lo  21.0     •'  4  05 

15 18  23.7      —  25   09            10  21      *•  2  44.1  P.M.  7   05 


II 
.1 


It 
l« 


l< 
tl 


Phases  and  Aspects  of  the  Moon. 

Central  Time, 
d       h     m 

First  Quarter 1890   Oct.  21     1  36  a.m. 

Full  Moon "         "  27     5  42  p.  m. 

Last  Quarter "      Nov.     4  10  13  a.m. 

New  Moon **         "  12     7  38     " 

Perigee *'      Oct.  24     4  00 

Apogee *      Nov.     5     3  12 


4< 
l< 


Phenomena  of  Jupiter's  Satellites. 

Central  Time. 

d.        h.  m. 

Aug.  26...  6  31  P.M.      I.  Sh.  Eg. 

26      6  49     "      III.  Ec.  Re. 

30      7  37     •'       II.  Sh.  In. 

30      7  50     "       II.  Tr.  Eg. 

Nov.   2...  5  41     "     III.  Oc.  Re. 


Central  Time. 

d. 

n.  m. 

Nov.    2... 

6  07  p.m.      I. 

Sh.  In. 

2 

7  02     "         I. 

Tr.  Eg. 

3 

5  45     **         I. 

Ec.  Re. 

9 

6  09     "      III. 

Oc.  Din. 

13 

5  05    "     ni. 

Sh.  Eg. 
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Date. 


Occultations  Visible  at  Washington. 


star's 
Name. 


Maspi- 
ttiae. 


Oct.  14... X  Virginia 
23... r'  Aquarii 
31...  5  Geminorum 

Not.    I... 52 


« 


4 
4 

6Yi 


IMMBRSION.        BMBRSION. 

Wash.    Angle  f'm     Wash.      Angle  f'm  Dura- 

N.  P*t.      Mean  T.       N.P't.  tion. 

<»              h    m               •*  h  m 

Star  1.3'  N  of  moon's  limb 

12  59           237  I  13 

18  16           314  1  14 


Mean  T. 
h    m 
6  09 

6  15 
II  46 
17  oi 


21 

335 
95 
63 


(( 


COMET  NOTES. 


Comet  1890,  II.  (Brooks,  March  19.)— This  comet  will  be  in  the  same 
right  ascension  with  the  sun  Oct.  11,  but  will  then  be  34°  north  of  the  sun, 
so  that  it  will  not  set  until  about  three  hours  after  sunset.  It  is  doubtful 
whether  it  can  be  seen  in  the  twilight.  The  following  ephemeris  by  Dr. 
Berberich  is  taken  from  Astr.  Nacb.  No.  2984* 


Oct. 


Nov. 


1890 

a  app. 

6  app. 

log  r 

log  J 

H 

4  13* 

'  4«56« 

4-  28^ 

'  49.0 

0.3872 

0.5058 

0.53 

5 

5 

9 

28 

41.0 

6 

5 

23 

28 

33.2 

7 

5 

36 

28 

25.6 

8 

5 

50 

28 

18.2 

0.3924 

0.5086 

0.51 

9 

6 

3 

28 

ll.O 

10 

6 

17 

28 

3.9 

11 

6 

30 

27 

57.0 

12 

6 

44 

27 

50.2 

0.3976 

0.5107 

0.49 

13 

6 

57 

27 

43.6 

14 

7 

10 

27 

37.2 

15 

7 

23 

27 

31.0 

16 

7 

36 

27 

25.0 

0.4028 

0.5123 

0.48 

17 

7 

49 

27 

19.2 

18 

8 

1 

27 

13.5 

19 

8 

14 

27 

8.0 

20 

8 

26 

27 

2.7 

0.4080 

0.5134 

0.46 

21 

8 

38 

26 

57.6 

22 

8 

50 

26 

52.6 

23 

9 

2 

26 

47.9 

24 

9 

13 

26 

43.4 

0.4133 

0.5138 

0.45 

25 

9 

24 

26 

39.1 

26 

9 

35 

26 

34.9 

27 

9 

45 

26 

30.8 

28 

9 

55 

26 

26.6 

0.4185 

0.5137 

0.44 

29 

10 

5 

26 

23.2 

30 

10 

14 

26 

19.6 

31 

10 

23 

26 

16.3 

1 

10 

31 

26 

13.2 

0.4237 

0.5130 

0.43 

2 

10 

39 

26 

10.3 

3 

10 

46 

26 

7.7 

4 

10 

53 

26 

5.3 

5  13 

11 
.(Dei 

0 
inins 

+  26 

3.0 

0.4288 

0.5118 
about  thn 

0.42 

1890 

:  Tulv  23.)— Thi! 

s  comet  is 

se  houi 

a  half  east  of  the  sun,  and  moving  rapidly  southward,  through  the  constel- 
lation Scorpio.  On  Oct.  18,  it  will  pass  ver^'  near  the  bright  star  Antares. 
Its  brightness  is  diminishing  rapidly,  so  that  it  is  doubtful  whether  it  can 
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be  seen  with  small  telescopes.  Mr.  Wendell's  ephemeris  given  below  will 
enable  the  possessors  of  powerful  telescopes  to  follow  the  comet  for  a 
short  time  at  least. 

Ephemeris  of  Comet  C,  1890,    (Denning  July  23.) 


Gr.  M.  T. 

App.  R.  A. 
h   m   8 

App.  Dec. 

O       ' 

Logjr. 

Log.  A. 

Oct.  1.5 

16 

5  32 

— 11 

9 

0.1100 

0.2051 

2.5 

6  30 

12 

2 

3.5 

7  28 

12 

55 

4.5 

8  28 

13 

46 

5.5 

9  27 

14 

37 

0.1121 

0.2227 

6.5 

10  27 

15 

26 

7.5 

11  26 

16 

14 

8.5 

12  27 

17 

2 

9.5 

13  28 

17 

48 

0.1151 

0.2398 

10.5 

14  29 

18 

34 

11.5 

15  30 

19 

19 

12.5 

16  32 

20 

3 

13.5 

17  34 

20 

46 

0.1190 

0.2563 

14.5 

18  36 

21 

28 

15.5 

19  39 

22 

10 

16.5 

20  42 

22 

51 

17.5 

21  46 

23 

31 

0.1238 

0  2720 

18.5 

22  51 

24 

11 

19.5 

23  55 

24 

50 

20.5 

25   0 

25 

28 

21.5 

26  26 

26 

6 

0.1293 

0.2869 

22.5 

27  12 

26 

42 

23.5 

28  19 

27 

19 

24.5 

29  26 

27 

55 

25.5 

30  34 

28 

30 

0.1354 

0.3009 

26.5 

31  42 

29 

5 

27.5 

32  51 

29 

39 

28.5 

34   0 

30 

13 

29.5 

35  10 

30 

46 

0.1422 

0.3141 

30.5 

36  20 

31 

19 

31.5 

16 

37  30 

-31 

51 

0.  C. 

Wexdeli.. 

Harvard  College  Observatorj',  Sept 

.20. 

1890. 

Solar  prominences  for  July  1890.  Number  of  observations,  12;  number 
of  prominences,  29;  mean  number  of  prominences,  2.416;  highest  promin- 
ence, 62''  (on  the  31st). 

Distribution  of  Prominences. 


Between 

B.  Limb. 

W.  Limb. 

Between 

B.  Limb. 

W.  Limb 

0  and  4-  10° 

0 

0 

0  and  — 10«» 

0 

3 

+  10  and +  20 

1 

0 

—  10  and  — 20 

0 

3 

+  20  and  +  30 

1 

0 

—  20  and  —  30 

1 

4 

+  30  and  +  40 

0 

0 

—  30  and  —  40 

1 

1 

+  40  and  +  50 

4 

1 

—  40  and  —  50 

3 

0 

+  50  and  +  60 

0 

3 

—  50  and  —  60 

2 

0 

+  60  and  +  70 

0 

0 

—  60  and  —  70 

0 

0 

+  70  and  +  80 

0 

0 

—  70  and  —  80 

0 

0 

+  80  and  +  90 

0 

0 

—  80  and  —  90 

0 

0 

13  15 

Note  :  During  the  month  definition  has  been  so  poor  here  that  I  mav 
have  failed  to  see  faint  prominences.  This  would  account  for  the  smaU 
mean  number.  B.  E.  Rbbd,  Jr. 

Camden  Observatory,  Aug.  1, 1890. 
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Smitb  Observatory  Solar  Observatloas.  The  following  observatiotiB 
of  the  sun  were  made  with  the  telescope  except  when  otherwine  specified. 
Thoae  of  June  12,  19,  33,  24,  25,  28  and  on  to  August  16  were  made  bj 
CharlwE.  Peet: 




1»D. 

»«°M«. 

'!! 

3«IOK. 

MarM 

It    .    m. 

0  ' 

Oooil. 

nmn.  kodJ.  boib  coarM  aad  flne. 

l^pm 

I  i 

-4    < 
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c  Ijcen  discovered  since  our  last  issue.  No.  295 
Vienna.  Aug.  17-50  Gr.  m.  t.:  R.  A.  ~  23"  00" 
lotion  —  +0"  and  —  II'.  No.  aSO  was  discovereH 
19.  Its  position  Aug.  21.+7-t9GR.  m.  t.  was; 
'  54.+-.  Oecl.  =  -  12=  20'  24";  daily  motion  -  13'  and 
—  6'.  Nos.  297  a.]ii!  29S  were  discovered  by  Chnrlois  at  Nice,  on  the  same 
nit'ht,  Sept.  9.  Their  posilions  were:  Sept.  9.3857  Gr.  m.  t.;  R.  A,  —22' 
21"'  +8.,-(-,  Dccl.  —  ~  •}■''  02'  2S"  and  Sept.  9.536+  Gh.  m.  t.;  R.  A.  =  O* 
aa™  32.9*,  Uecl.  =  +  2"  +0'  04."  Daily  motion  of  No.  297:  -  48'  and  - 
1';  of  298  -  56-  and  -  1'.  No.  297  was  of  the  12th  mngnitude,  the  others 
of  the  13lh  magnitude. 
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NEWS  AND  NOTES. 


From  what  was  said  in  our  last  issue,  some  have  thought  that  the  Mes- 
senger would  be  published  hereafter  every  month  in  the  year.  This  is  a 
mistake,  ten  numbers  will  make  an  annual  volume  as  heretofore. 


On  accomit  of  unexpected  delays  in  securing  photographs  and  suitable 
plates  from  engravers,  we  are  unable  to  give  frontispiece  and  biographical 
sketch  this  month,  as  was  intended. 


Since  the  article  entitled  stationary  and  long-enduring  Meteor-Radiants 
bv  W.  H.  S.  Monck,  of  Ireland,  was  in  type,  we  have  received  a  printed 
copy  of  the  same  matter  in  more  extended  form.  Our  vacation  months 
have  delayed  the  appearance  of  this  paper  and  the  later  edition  of  it  has 
already  been  published,  as  Mr.  Monck  informed  us  he  intended  to  do 
some  weeks  ago. 


A  general  list  of  observatories,  astronomers,  societies  and  astronomi- 
cal journals  has  been  prepared  by  A.  Lancaster,  Librarian  of  the  Royal 
Observatory  of  Brussels.  This  third  and  last  edition  is  a  very  useful 
reference  book. 


New  Telescope  for  the  University  of  Mississippi .  In  a  recent  letter  from 
Professor  R.  B.  Fulton,  in  charge  of  the  department  of  Physics  and  Astro- 
nomy of  the  University  of  Mississippi  we  learn  that  a  new  telescope  of  con- 
siderable size  will  soon  be  ordered  for  the  Observatory  of  that  institution. 


Portrait  of  Dr.  Peters,  Henry  Harrison,  of  South  Bergen,  N.  J.,  has 
just  completed  a  life-sized  portrait  of  the  late  Dr.  Peters  of  the  Observatory 
of  Hamilton  College,  Clinton,  N.  Y.  It  is  designed  for  the  library  of  the 
college. 


Polaris  and  Companion.  We  have  had  considerable  correspondence 
lately  concerning  the  appearance  of  the  companion  to  Polaris.  Amateur 
observers  are  requested  to  keep  close  watch  of  it,  and  to  report  anything 
unusual  observed. 


The  New  Equatorial  Telescope  for  Carleton  College  Observatory.  We 
have  recent  information  from  the  makers  of  the  rough  discs  for  the  new  16- 
inch  equatorial  for  Carleton  College  Observatory',  relating  to  progress  of 
work  on  the  same.  Messrs.  Shott  &  Gen,  of  Jena,  have  finished  the  flint 
disc,  and  it  was  shipped  early  last  month.  Mantois,  of  Paris,  a  few  weeks 
ago  had  nearly  completed  the  annealing  of  the  crown  disc.  When  these 
rough  discs  come  into  the  hands  of  Professor  Hastings  of  Yale  University, 
and  Mr.  Brashear,  of  Allegheny,  they  will  \ye  thoroughly  tested  a  second 
time  l^efore  grinding  begins.  These  well-known  European  makers  of  large 
optical  discs  seem  already  interested  in  the  comparative  merits  of  their 
work.  It  isnow  believed  that  Carleton's  new  telescojje  will  be  in  place 
about  May  1,  1891. 


378  The  Sidereal  Messenger, 

J.  E,  lagrabatn.  President  of  the  South  Florida  Railroad  Company  at 
Stanford,  Florida,  an  interested  subscriber  to  The  Messenger,  has  recently 
purchased  a  4V^inch  equatorial,  and  is  planning  to  do  regular  obsenring 
with  it. 


Another  Telescope  for  Chicago,  We  are  interested  to  learn  that  Mr. 
George  £.  Hale  of  Chicago,  111.,  is  soon  to  have  a  new  12-inch  equatorial 
especially  adapted  for  spectroscopic  work.  Mr.  Brashear  is  making  the 
glasses  and  Warner  &  Swasey  the  mounting  and  dome.  The  dome  is  to  be 
26V^  feet  in  diameter,  and  is  the  same  size  as  the  smaller  one  for  the  new 
Naval  Observatory  at  Washington,  D.  C,  the  larger  one  being  45  feet  in 
diameter.  These  three  domes  are  now  being  made  by  Warner  &  Swasey. 
Cleveland,  Ohio. 


Perpetual  Calendar.  Some  time  ago  we  received  from  Professor  R.  W. 
McFarland  a  very  neat  form  of  a  perpetual  calendar.  We  will  soon  find  a 
place  for  it  in  the  Messenger. 


Canals  of  Mars.  We  were  so  much  interested  in  a  private  letter  re- 
ceived in  August  from  Professor  W.  H.  Pickering,  concerning  the  Canals  of 
Mars,  that  we  immediately  asked  him  to  give  the  benefit  of  his  views  to 
our  readers.    His  important  article  in  given  in  this  issue. 


Astromical  and  Physical  Society  of  Toronto.  Some  years  ago  the 
Astronomical  and  Physical  Society  of  Toronto  was  formed,  but  recently  it 
has  been  incorporated  and  has  adopted  a  Constitution  and  By-Laws, 
which  has  been  printed  in  neat  form  and  distributed  as  the  first  publication 
of  the  society.  A  circular  setting  forth  its  objects,  and  something  of  its 
plan  of  work  is  also  received.  Membership  fees  are  $2  per  annum.  Presi- 
dent, Charles  Campbell,  F.  R.  A.  S.,  Director  of  the  Toronto  Observatory* ; 
Recording  Secretary,  D.  J.  Howell,  218  Becker  Street,  Toronto  and  Corre- 
sponding Secretary,  G.  E.  Lumsden,  Toronto.  The  new  societv  is  now  in 
shape  for  work,  and  evidently  means  business. 


A  New  Astronomical  Society  has  been  formed  in  England  for  the  pur- 
pose .of  organizing  and  directing  the  energies  of  amateur  observers  in 
astronomical  study.  This  movement  is  outside  the  province  of  the  Royal 
Astronomical  Society,  whose  fees  and  papers  generally  are  beyond  the 
ability  of  many  who  could  work  well  in  an  organization  differcntlj-  consti- 
tuted. The  movement  is  a  good  one,  and  if  rightly  planned  and  directed 
must  succeed. 


Photographic  Notes:  The  next  meeting  of  the  permanent  committee 
on  the  photographic  chart  of  the  heavens  will  be  held  March  31, 1891. 

In  the  Observatory  for  August,  Mr.  Common  describes  his  instrument 
for  measuring  celestial  photographs.  It  is  in  general  plan  like  Mr.  Rob- 
ert's instrument  for  engraving  from  original  negatives. 

**  The  South  American  scientific  party  lately  took  some  photographs  of 
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the  planet  Mars.  The  pictures  show  the  spots  and  markings  on  the  planet 
very  clearly.  One  of  the  negatives  shows  the  Southern  snow-cap  distinctly 
larger  than  those  taken  the  evening  before." — Photographic  Times* 

The  recent  Lunar  photographs  of  the  Henry  Brothers  are  exciting 
much  interest.  These  are  the  pictures  of  the  north  and  south  horn  of 
the  moon,  taken  with  the  photographic  telescope  of  the  Paris  Observatory. 
These  pictures  are  enlarged  to  a  scale  of  one  metre  to  the  diameter  of 
the  whole  moon. 

Knowledge  for  September  contains  parts  of  a  photographic  map  of  the 
normal  solar  spectrum  made  by  Mr.  George  Higgs.  These  photographs 
are  accompanied  by  an  article  by  Mr.  Ranyard  on  "Recent  Advances  in  the 
Mapping  of  the  Solar  Spectrum."  Mr.  Ranyard's  paper  is  full  of  sugges- 
tions as  to  the  sensitizing  of  plates  to  different  lights,  kinds  of  instruments, 
their  arrangement  and  method  of  use.  As  to  Mr.  Higgs'  instrument,  he 
makes  the  following  statements:  **The  concave  grating  used  by  Mr. 
Higgs  is  mounted  on  one  side  of  a  circular  table,  ten  feet  two  inches  in 
diameter.  The  sensitive  plate  on  which  the  normal  spectrum  is  thrown  is 
at  the  opposite  extremity  of  the  diameter  of  the  circumference  of  the  table, 
and  the  slit  is  also  mounted  on  the  circumference  of  the  circle,  in  a  position 
with  respect  to  the  grating  and  sensitive  plate  which  varies  according  to 
the  order  of  the  spectrum,  which  is  being  photograph.  The  light  of  the  sun 
it  thrown  by  a  heliostat  upon  the  slit."  The  Henry  Brothers  have  se- 
cured satisfactory  photographs  of  stellar  spectra. 

Dr.  H.  C.  Wilson  has  recently  taken  two  excellent  photographs  of  light- 
ning. These  pictures  clearly  show  interesting  details  of  the  flash,  and  also 
bring  out  bj  lightning  light,  the  foliage  of  trees  within  the  range  of  the  lens. 


Stars  having  Peculiar  Spectra.  [Communicated  by  Edward  C.  Picker- 
ing, Director  of  Harvard  College  Observatory.]  Photographs  of  stellar 
spectra  taken  at  the  Harvard  College  Observatory,  and  also  at  Mt.  Har- 
vard, near  Chosica,  in  Peru,  show  a  number  of  objects  whose  spectrum  is 
peculiar  in  addition  to  those  already  published  in  The  Sidereal  Messen- 
ger.   Among  them  are  the  following  stars : 


No. 

R.  A. 
1900. 

Dec. 
1900. 

Mngn. 

Description. 

A.  G.  C.  7179 

5»»  59.4™ 

-    6°  42' 

5.8 

F  line  bright. 

15177 

11        0.8 

-65      1 

8% 

Bright  lines. 

18859 

13     47.7 

-46    39 

6.6 

F  line  bright. 

19737 

14     29.2 

-41    43 

2.5 

F  line  bright. 

Z.  C.  3612 

17     55.1 

-32    42 

9 

Bright  lines. 

DM  -  19^4854 

18        2.1 

-  19    25 

9.6 

Bright  lines. 

DM  +  30^3639 

19     31.9 

+  30    19 

9.3 

Bright  lines. 
IV  Type. 

A.  G.  C.  29232 

21      13.6 

-45    27 

6.0 

A.  G.  C.  19737  is  Tf  Centauri.  As  A.  G.  C.  18859, 8  Centauri  and  M  Cen- 
tami  arc  near,  they  form  a  group  of  stars  in  which  the  F  line  is  bright. 
X  Cassiopei^e,  which  has  a  similar  spectrum  is  nearly  180^  distant  from 
this  group.  A.  G.  C.  15177,  Z.  C.  3612,  and  D.  M.  — 19*>  4854  have  a  spec- 
trum similar  to  that  of  the  stars  discovered  by  Rayet.  The  spectrum  of 
DM  +  30°  3639  differs  from  that  of  the  other  bright  line  spectra  of  which 
photographs  have  been  obtained.    A  photograph  of  the  spectrum  of  G.  C. 


2581  has  nisa  bn;n  taken.  It  seems  to  be  peculiar,  and  is  the  same  a 
of  G-C.+62S.  In  the  Enfflisb  Mechanic  Mt.B.PackcreanaatteatJontoxva 
new  variable  stars,  one  preceding,  the  other  following  the  cluster  5  M.  Lib- 
fsc.  Seventeen  plates  covering  that  region  have  been  examined  and  roens- 
ured  here,  and  prove  beyond  doubt  the  variability  of  these  two  star*,  the 
measures  of  the  three  comparison  stars  used  differing  by  only  .3,  .3  and  .6 
respectively,  while  the  measures  of  the  variables  show  a  variation  of  l.!l 
and  2.9  magnitudes  respectively.  Three  stars  werefound  having  a  siKvtrmn 
in  which  the  lines  due  to  hydrogen  were  bright.  These  stars  were  at  once 
suspected  of  variability,  which  was  confirmed  on  examination  of  tlie 
photographic  charts  previously  taken.  They  are  in  the  constrllot 
Caelum.  Scorpius,  and  Sagittarius,  and  have  the  following  approsia 
places  for  1 900  R.  A.  4"  37.1"",  Dec.  —  38°  33' ;  R.  A.  1G'>  4 
+4°  57';  and  R.  A.  20*'  ll.!",  Dec.  —  39°  25'.  i 

Harvard  College  Observatory,  Cambridge,  Mass..  Sept.  12, 1890. 


t  the  Indianapolis  Meeting  of  the  A.  A.  A.  S.  Sectioi 
(Mathematics  and  Astronomy)  of  the  A.  A.  A.  S.  was  but  slimly  attm 
this  year.    As  a  result  there  were  but  few  papers,  bnt  these  we 

The  address  of  Vice-President  Chandler  on  the  Variable  Stary  i  _ 
most  elaborate  aud  painstaking  review  of  the  work  done  in  this  branch  d 
Astronomy,  Of  the  greatest  value  and  interest  was  a  classification  of  bU 
the  variables  according  to  their  periods.  Professor  Hough  read  0  paiXTOn 
Donble  Star  Observations  which  was  in  the  main  a  pica  for  the  use  of  snull 
telescopes  for  the  measurements  of  wide  and  easy  doubles.  Profesaor 
Hough  claimed  that  this  work  could  well  he  done  with  telescopes  of  me- 
dium apertures  and  so  the  large  glasses  should  be  left  fice  to  devote  nil 
their  time  to  work  on  close  and  difficult  pairs. 

On  Friday,  August  22d  sections  A.  B.  C.  and  D.  were  invited  to  hold 
tlidr  sessions  at  the  Rose  Polytechnic  Institute  at  Terrc  Haute.  At  this 
meeting  Professor  Abhe  read  a  paper  by  Frank  H.  Bigelow  on  a  Study  of 
Solar  Corona.  The  paper  was  almost  entirely  mathematical  and  con- 
tained little  of  the  physical  side  of  the  subject.  It  advanced  an  hypotbess 
howrver,  in  relation  to  the  spots,  ll'  lines  norma]  to  tangents  to 
the  solar  surface  be  dropped  from  the  extremities  of  the  coronal  filaments 
they  will,  said  Mr.  Bigelow,  fall  within  the  Sun  Spot  Zones.  Prom  whk^ 
fact  he  suggested  that  there  mighi  lie  a  jihysical  cjnnection  between  the 
two  phenomena.  This  was  suggested  as  an  hypothesis  merely  witlitfi 
any  attempt  at  proof  from  observed  data. 

At  the  same  meeting  Mr.  Brashear  exhibited  a  negative  of  m  partliM 
the  intra  Violet  end  of  the  spectrum  and  some  photographsof  the  Mm 
direct  enlargement.    These  latter  were  made  by  the  Henry  Brotbenil 
were  magnificent  specimens  of  lunar  Photography. 

At  a  subscijuenl  meeting  Mr.  Charles  H.  Rockwell  detailed  to  u 
of  his  personal  experiences  on  the  Eclipse  Enpeditioii  to  Cayenne  imi 
hibitcd  one  of  the  photographs  taken  there.    Mr.  Rockwell's  tJine  dit 
theecUpsc  was  occupied  entirely  in  photographic  work  so  that  he  v 
able  to  observe  any  of  the  jihysicat  phenomena  accompanying  it. 
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For  the  next  meeting,  to  be  beld  in  Washington,  the  Association  elected 
Professor  Hyde  of  Cincinnati,  Ohio,  as  Vice  President  and  E.  D.  Preston  of 
Washington,  for  Secretary.  r. 


On  a  New  Variable  Star  near  the  Cluster  5  M  Librae,  About  9*  or  10* 
s.  p.  the  clnster  5  M  Librae  is  a  small  star  which  ( according  to  Dr.  Cope- 
land)  D' Arrest  records  in  his  Leipzig  observations  as  of  the  11th  magnitude. 
On  April  22d,  1890,  I  estimated  it  9.0  magnitude  using  for  comparison  the 
9.5  star  (Argelander)  18'  south  of  cluster.  On  May  14th  it  was  10th 
magnitude;  May  21,  22,  23, 10.2  magnitude;  June  6, 10.5;  June  9, 19  also 
10.5.  On  May  23  and  June  9th  I  observed  this  object  in  Mr.  Ingalls'  10- 
inch  refractor.  On  the  latter  date  it  was  equal  to  a  star  preceding  on  same 
parallel  and  fainter  than  the  north  component  of  a  wide  10th  magnitude 
pair  just  following  the  cluster.  It  is  double,  magnitudes  10  and  12  accord- 
ing to  Mr.  Espin  May  28,  lucida  white.  Subsequently  I  found  an  earlier 
observation  with  the' above  mentioned  telescope.  May  31,  1889  when  I 
noted  it  as  a  bright  unequal  double  star  the  lucida  being  the  brightest  of  all 
stars  surrounding  the  cluster. 

On  thenights,  of  April  22,  May  9,  15  and  June  9,  Mr.  Common  obtained 
photographs  of  this  cluster,  two  of  which  were  exhibited  at  the  June  meet- 
ing of  the  R.  A.  S.  I  had  the  good  fortune  to  be  able  to  examine  these 
plates  and  found  a  marked  variation  of  brightness  in  this  particular  star 
and  felt  justified  in  calling  attention  to  this  object  in  a  note  to  the  Eng. 
Mech.  for  June  27,  1890. 

Mr.  Common  has  since  examined  all  four  plates  and  finds  ample  proof 
of  variation.    His  values  are  April    22,9.5;  May  9,  11.0;  May  15,  9.9; 
June  9. 10.5,  being  probably,  a  variable  of  some  short  period.    My  own 
telescope  was  a  -l-V^inch  refractor  (dial^'te).  D.  Packer. 

London,  July  11,  1890. 
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Text  Book  of  Mechanics,  with  Numerous  Examples,  by  Thomas  Wallace 
Wright,  Professor  in  Union  College.  Messrs.  D.  Van  Norstrand  and 
Company,  Publishers,  23  Murray  and  27  Warren  Street,  1890,  pp  260, 
Price  not  given. 

This  is  a  new  text  book  in  Mechanics  for  use  in  the  ordinary  college 
curriculum  where  the  Calculus  is  regularly  taught  in  the  course  of  pure 
mathematics.  The  use  of  the  Calculus  is  the  unusual  feature  in  a  book  of 
this  grade  for  the  place  it  is  intended  to  fill.  But  that  the  author  is  right 
in  introducing  this  method  of  study  for  some  of  the  themes  of  Mechanics 
there  is  no  question.  It  is  true  that  all  students  in  the  ordinary  college 
courses  were  requested  to  know  something  of  the  mathematical  instru- 
ment of  investigation  in  most  common  and  necessary  uses  in  Mechanics, 
Physics  and  Astronomy.  At  the  present  time,  without  such  knowledge,  a 
student  will  not  be  able  to  follow  much  very  elemental  work  in  these 
branches  that  he  would  otherwise  do  easily  and  delightfully. 
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This  book  is  divided  into  ten  chapters  with  the  followtii)^  titles:  M(^ 
tion,  force  and  motion,  dynamics  of  a  particle,  statics  of  &  rigid  bodj. 
friction,  work  and  energy,  kinetics  of  a  rigid  body,  elastic  solids,  statics  of 
fluids,  kinetics  of  fluids- 
There  are  some  very  useful  practical  examples  gircn  in  illnstration  of 
principles,  such  as  those  suggested  by  the  Westinghouse  a.ir-break  tats  iif 
1887,  and  the  new  strong  locomotive  and  other  modern  mechanisms  that 
might  be  named.  This  book  is  commended  to  the  attention  of  tnuber*. 
It  will  probably  be  introduced  in  Carleton  College  because  the  Butject 
matter  is  good  and  because  the  students  of  all  courses  of  study  can  use  it, 
having  previously  pursued  the  elements  of  the  Diflercntial  and  the  Integral 
Calculus. 


An  Introduction  to  Astronomy,  designed  as  a  Text  Book  for  the  nse  of 
students  in  College.  New  York:  Charles  Collins.  The  Baker  &  Taylor 
Company,  Publishers,  740  Broadway.  1890  pp  236. 
This  volume  is  the  third  revision  of  the  well-known  work  on  astronomy 
commonly  known  as  Olmsted's  Introduction  to  Astronomy.  It  bat  n 
history  deserving  more  space  than  we  can  now  give  to  its  notice.  If 
memory  serves  us  rightly,  it  was  first  published  in  1844  by  ProfcMor 
Olmsted,  who  was  then  in  charge  of  the  department  of  Natural  Philosoplly 
and  Astronomy  of  Yale  College.  In  1661  Julia  M.  Olmsted  made  the  fint 
revision.  After  several  stereotype  editions,  in  1S83  Professor  Sncll  of 
Amherst  College  revised  the  work  for  the  second  time.  During  this  year 
tbe  third  revision  has  been  made  by  Professor  Colfin,  Ph.  D.  of  LnPayettC 
College,  Considerable  changes  are  made  in  the  text,  especially  tbiMC 
lalJng  to  the  work  of  the  spectroscope,  and  some  articles  arc  entirdj 
written.  Part  of  the  tables  are  revised  and  enlarged.  We  notice  tbat 
parallax  of  8. "8+8  is  still  retained.  This  value  is  undoahtedly  too  lurg^ 
but  there  is  yet  no  general  agreement  as  to  what  numerical  value  shall  take 
its  place.  This  test-book  is  the  faithful  work  of  a  line  of  cKcelleat  scholars 
for  a  half  centuty. 


mc 
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Elliptic  Functions.  An  Elementarv  Test  Book  for  students  in  Mathema- 
tics. By  Arthur  L.  Baker  C.  E..  Ph.  D.,  Protessor  of  Matliematiu  in 
the  Stevens  School  of  the  Stevens  Institute  of  Technology,  Kobokca. 
N.J.  Messrs.  John  Wiley  &  Sons  p3  East  Tenth  Street,  Xcw  York 
City,    pp.118. 

It  is  a  source  of  gratification  to  us  to  know  that  Dr.  Baker  has  recently 
giTcn  his  attention  to,  and  written  a  book  much  needed.  We  do  not  know 
of  another  in  the  English  langaagc  that  fills  the  place  for  which  it  is 
intended  so  well.  It  is  true  that  the  student  will  find  abundant  mntcnil 
for  the  study  of  Elliptic  functions  in  the  works  of  Abel.  Euler.  Jacohi  oni) 
Legendre.  but  these  writers  arc  rather  obscure  and  technical  for  the  vovr 
fort  of  the  average  student,  besides  the  further  drawback  of  being  written 
in  a  foreign  language.  In  this  book  the  author  has  taken  the  -wise  eowr«c 
of  using  such  methods  as  are  familiar  to  the  ordinary  student  of  the  Calcn- 
las,  and  thereby  necessarily  omitting  some  parts  of  some  themes  to  be 
found  in  other  books.  From  the  brief  examination  it  does  not  appear 
however,  that  the  usefulness    of  the  text  is  impaired,  but  rnther  on   tbc  . 
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wbok,  we  tbink  vastly  improved.  The  chapters  of  the  text  have  the 
following  topics:  Elliptic  functions ;  periodicity  of  the  functions;  Landen^s 
transformation;  complete  functions;  evolution  for  q);  factorization  of 
elliptic  functions;  the  6  function;  the  6  and  H  functions;  elliptic  inte- 
grals of  the  second  order;  elliptic  integrals  of  the  third  order;  numerical 
calculations,  q ;  numerical  calculations,  K ;  numerical  calculations,  u ;  nu- 
merical calculations,  <p;  numerical  calculations,  E  {k.  <p);  applications.  We 
shall  take  pleasure  in  reading  this  book  with  our  students  in  post-graduate 
studies  in  mathematics,  as  the  theme  is  reached  in  our  regular  study. 


A  Handbook  of  Descriptive  and  Practical  Astronomy,  by  George  F. 
Chambers,  III:  The  Starry  Heavens,  Fourth  Edition.  Oxford:  At 
the  Clarendon  Press,  1890,  pp.  337. 

We  arc  pleased  to  see  the  completion  of  the  revision  of  this  excellent 
Handbook  of  Astronomy.  In  our  judgment  Professor  Chambers  has  done 
a  work,  in  this  direction,  of  unparalleled  usefulness,  and  he  will  receive  the 
hearty  and  deserved  commendation  of  astronomers  everywhere  for  it. 

This  part  is  presented  in  fourteen  chapters  accompanied  by  eighty-two 
illustrations,  some  of  which  are  printed  in  colors. 

The  order  of  topics  is  as  follows:  Stars  in  general.  Double  stars,  Varia- 
ble stars,  Clusters  and  Nebulae,  Variable  Nebulae,  the  Milky  Way,  the  Con- 
stellations, Useful  Catalogue  of  Naked-eye  stars,  On  Finding  the  stars,  a 
Catalogue  of  Celestial  Objects,  a  Catalogue  of  Variable  stars,  a  Catalogue 
of  Red  stars,  a  Catalogue  of  Binary  stars,  a  Catalogue  of  New  stars,  in- 
dex to  part  III.  and  general  index  to  whole  work. 

We  are  agreeably  surprised  to  notice  that  this  part  contains  references 
to  late  work  in  so  fall  a  way.  Recent  progress  in  astronomy  has  been  so 
great  in  many  ways  that  a  single  volume,  or  even  three  of  convenient  size 
could  not  contain  all  that  might  be  well  and  usefully  said.  We  have  space 
only  to  mention  a  few  of  these  points,  such  as  the  comparison  drawn  by 
Mr.Monck  of  the  results  of  stellar  photometry  by  Pritchard  and  Pickering; 
generalizations  from  Struve*s  catalogue  of  double-stars  and  the  conclu- 
sions drawn  by  Niesten.  Chandler's  generalization  on  the  colors  and  per- 
iods of  variable  stars,  historical  statement  relating  to  the  aberration  of 
Nebulae  and  Clusters,  the  catalogue  of  the  naked-eye  star  and  the  remarks 
accompanying  it,  in  which  we  notice  what  is  said  on  pages  120  and 
121  regarding  the  work  of  Dr.  Gould,  entitled  Uranometria  Argentina  and 
the  Harvard  Photometry ^  bj'  Professor  Pickering.  While  these  works  are 
distinctly  and  rightly'  commended,  the  author's  criticisms  on  some  features 
in  each  is  severe,  certainly  to  the  limit  of  justice,  and,  we  believe  not  inten- 
tionally be^'ond  that  point.  It  is  not,  we  think,  a  piece  of  scolding  which 
seems  to  be  rather  fashionable  among  some  of  our  English  writers  now-a- 
days ;  and  if  it  were,  those  two  noble  men  most  interested  ought  to  be 
happy  in  view  of  the  small  charges  against  them. 

It  will  be  of  some  interest  to  the  author  to  know  that  a  considerable 
number  of  inquiries  have  been  made  at  this  office  concerning  the  last  edi- 
tion of  his  work,  and  that  some  of  the  high  schools  of  the  leading  cities 
of  this  country,  at  our  suggestion,  have  purchased  the  entire  work  as  refer- 
ence books  for  the  teachers  and  students  in  astronomy. 
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Bletnents  of  the  Differential  and  Integral  Calculus,  Method  of  Rates  by  Ar- 
thur Sherburne  Hardy,  Ph.  D.,  Professor  of  Mathematics  in  Dartmouth 
College.  Boston,  Mass.,  Messrs.  Ginn  &  Co.,  publishers.  1890,  pp. 
239. 

It  is  an  interesting  and  significant  sign  of  the  times  that  the  younger 
mathematicians  and  teachers  in  the  branches  of  the  so-called  higher  mathe- 
matics, feel  called  upon  to  write  so  many  books  on  the  elements  of  the  cal- 
culus.   The  effect  of  this  can  but  be  good,  and  we  are  heartily  glad  to  see  it. 

The  first  and  most  important  new  feature  in  this  book  is  the  elemental 
basis  of  its  analysis.  It  is  neither  that  of  limits  nor  infinitesimals,  but  a 
method  of  rates.  In  his  teaching  the  author  has  found  that  this  method 
proves  more  satisfactory  than  any  other  for  the  first  presentation  of  the 
object  and  scope  of  the  Calculus.  We  say  this  is  a  new  feature,  or  a  new 
way  of  unfolding  the  elements  of  the  science,  and  yet  we  do  not  forget  the 
work  done  by  Professor  E.  Loomis,  of  Yale  College,  a  quarter  of  a  century 
ago  in  this  same  direction,  yet,  of  course  not  as  complete  and  full  as  in  this 
work.  On  the  supposition  of  the  change  of  rate  of  the  variable  function 
all  the  elementary  rules  are  formed,  and  the  troublesome  question  of  orders 
of  quantities  is  not  raised/and  fortunately,  the  student  is  given  a  start 
and  some  basis  for  indei)cndent  thinking  before  he  is  required  to  form  his 
opinions,  or  express  them,  on  theoretical  points  which  divide  mathematic- 
ians as  to  best  methods  of  presentation,  if  not  in  regard  to  the  funda- 
mental facts  of  the  science.  This  point  we  like.  It  is  the  strong  one  in 
favor  of  the  method  of  rates,  and  in  our  judgment  gives  it  clearly  the 
preference  above  fill  others. 

The  first  part  of  this  book  is  devoted  to  the  Differential  Calculus  which 
covers  164  pages.  The  second  part  treats  of  the  Integral  Calculus.  The 
range  of  the  work  is  equal  to  that  of  the  best  books  prepared  for  the 
courses  of  the  modem  college  or  scientific  school.  Its  examples  for  practice 
are  not  as  numerous  as  those  of  Bowser,  but  they  are  better  graded  than 
those  of  Olney.  The  arrangement  of  the  matter  on  the  page  and  the  var- 
iety of  type  chosen  are  features  that  teachers  will  notice  and  commend,  and 
they  are  equally  aids  to  the  student  whether  he  knows  it  or  not.  We  do 
not  know  of  a  book  on  the  elements  of  the  Calculus  that  impresses  us  more 
favorably  on  the  first  brief  examination. 
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New  Light  from  Old  Eclipses,  by  Wm.  W.  Page.  C  B.  Barnes  Publishing 
Co.,  St.  Louis,  Mo. 

One  Life,  One  Law,  by  Mrs.  Myron  Reed.  Jno.  W.  Lovell  &  Company,  Pub- 
lishers, New  York. 

The  Pathway  of  the  Spirit,  by  John  H.  Dewey,  M.  D.,  l^ank  F.  Lovell  & 
Company,  Publishers,  New  York. 

Plane  and  Solid  Geometry,  by  E.  A.  Bowser,  L.  L.  D.,  D.  Van  Norstrand 
Company,  Publishers,  New  York. 

College  Algebra,  by  Webster  Wells,  S.  B.,  Messrs  Leach,  Sherwell  &  San- 
bom,  Publishers,  Boston  and  New  York. 

Father  Perry,  The  Jesuit  Astronomer,  by  Aloysiaus  L.  Corlie,  S.  J.,  Pub- 
lished by  the  Catholic  Truth  Society,  London. 

Manual  of  Instruments  for  American  Engineering  and  Surveying.  Pub- 
lished by  W.  and  L.  E.  Gurley,  Troy,  N.  Y. 
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THREE  INTERESTING  BINARIES. 


NEWTON   M.   MANN. 
Por  The  Mbubngbb. 

Some  years  ago  I  presented  in  the  Messenger  a  discussion 
of  the  star  61  Cygni  which  attracted  a  little  attention,  and 
is  mentioned  for  all  it  is  worth  in  Miss  Gierke's  book  on  the 
Progress  of  Astronomy  in  the  Nineteenth  Century.  The 
leisure  to  review  that  labor  with  the  aid  of  later  observa- 
tions having  come  to  me,  I  have  given  the  subject  as 
thorough  a  study  as  I  know  how,  the  result  of  which,  to- 
gether with  some  work  on  two  other  stars,  I  am  glad  to 
place  on  record  in  these  same  columns. 

The  curve  described  by  the  companion  of  61  Cygni  is  one 
through  which  no  end  of  different  ellipses  may  be  made  to 
pass  with  nearly  equal  satisfaction.  Which  of  these  is  near- 
est to  the  true  orbit  must  be  determined  by  other  considera- 
tions. The  first  question  is  as  to  the  probability  of  the  star 
having  passed  its  periastion  during  the  time  it  has  been  un- 
der observation.  This  is  a  point  I  did  not  suflSciently  con- 
sider in  my  first  work.  The  considerable  distance  of  this 
star  and  its  increasingly  slow  motion  indicate  that  it  has 
been  moving  for  the  last  hundred  years  toward  the  remotest 
part  of  its  orbit,  and  that  the  apparent  ellipse  should  be 
drawn  with  its  center  between  the  curve  already  described 
and  the  principal  star.  Such  an  ellipse  may  be  drawn  as 
shown  on  the  following  page  (Fig.  1),  angles  and  distances 
as  in  my  former  work.  This  I  drew  large  with  an  excellent 
ellipsograph  and  worked  out  with  care.*    A   comparison 

•  The  elements  obtained  may  be  added  merely  as  matter  of  curiosity. 

£       0.144  y       57°  15' 

jr       294°  40  Q     157^  15^ 

P       612.7  years.  T      2169.63 

It  is  needless  to  say  that  the  drawings  in  this  article  are  only  for  purpose 
of  illustration. 
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with  the  long  list  of  observations  gives  nothing  to  complain 
of.  One  thing  only  leads  me  to  suspect  that  it  is  not  the 
orbit  nor  anything  like  it.  These  objects  are  not  likely  to 
show  so  small  an  eccentricity — 0.144.  Other  efforts  were 
then  made — a  score  or  more — all  widely  different,  but  pre- 
serving substantially  the  same  curve  required  by  the  observa- 
tions. It  is  hard  to  choose,  but  that  which  on  the  whole 
seemed  to  me  to  stand  the  best  chance,  is  given  in  miniature 


li'f^ 


Fig.  1, 


in  Fig.  2.  This,  it  will  be  observed  from  the  position  of  the 
principal  'star,  is  a  sufficiently  eccentric  orbit.  It  provides 
for  a  yet  long-continued  slow  motion  while  reducing  the 
period  much  below  what  has  been  heretofore  calculated. 
These  arc  the  elements: 


fc 

0.529 

r 

62^  17' 

s> 
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From  what  has  been  said  it  will  be  seen  that  this,  or  any 
other  determination,  can  be  only  tentative ;  but  after  a  good 
deal  of  labor  I  submit  the  following  as  perhaps  the  best  that 
can  be  done  at  present.  On  this  basis,  taking  the  parallax 
at  0/'55,  the  mass  of  the  system  is  1.45  times  that  of  the 
sun.* 

We  pass  now  to  a  more  brilliant  and  otherwise  hardly  less 
interesting  object.    Castor  has  pretty  eflFectually  set  aside 


KiG.   2.— 61  Cygni. 

the  orbit  that  Wilson  gave  it  in  1877,  the  delineation  of 
which  in  the  ** Handbook  of  Double-Stars'*  has  aflForded 
many  of  us  amateurs  so  much  delight.  Recent  observations 
make  it  almost  certain  that  he  and  others  erred  in  this  case, 

*  I  was  once  disi)osecl  to  think  that  the  relative  mass  of  the  compo- 
nents of  a  binary-  system  might  l)e  indicated  by  systematic  discrepancies 
between  measures  of  distances  at  different  epochs  and  the  distance  com- 
puted from  aucrular  displacement.    It  is  a  delusion. 
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as  I  did  years  ago  with  61  Cygni,  in  supposing  the  perias- 
tron  to  He  within  the  curve  described  since  observations 
commenced.  In  fact  the  two  stars  present  a  remarkably 
similar  situation,  both  having  shown  for  a  long  time  an  in- 
creasingly slow  motion,  indicating  in  both  an  approach  to 
the  point  of  greatest  distance.  In  the  case  of  Castor  that 
point  is  now  very  surely  passed,  the  observations  of  the  last 


Fig.  3.— Castor. 

two  years  showing  a  sensible  decrease  of  distance.  This  is 
a  state  of  things  not  provided  for  in  Wilson's  orbit  until 
after  the  year  2147,  and  it  is  just  the  clew  needed  for  some- 
thing like  a  definite  determination  of  the  elements  of  this 
gorgeous  system. 
Two  points  now  apparent  about  Castor  ought  to  have 
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been  considered  probable  before — first,  that  the  companion 
has  been  seen  only  in  the  remoter  part  of  its  orbit,  and 
second,  that  the  orbit  is  of  high  eccentricity,  this  latter  on 
general  grounds.  When  we  recall  that  the  parallax  of  this 
star  is  almost,  or  quite,  inappreciable,  the  enormous  dis- 
tance represented  by  five  seconds  of  arc  ought,  it  would 
seem,  to  have  suggested  anything  but  a  periastron.*  When 
in  1949  the  real  periastron  is  reached  the  two  stars  will  be 
less  than  one  second  apart.  I  take  pleasure  in  submitting  a 
miniature  representation  of  this  orbit  according  to  my  last 
work.  The  reader  will  observe  that  the  decrease  of  distance 
since  1886  makes  it  certain  that  this  cannot  be  far  wrong. 
This  gives  elements  as  follows : 
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As  much  attention  is  likely  to  be  drawn  to  this  star  in  the 
next  few  years  I  give  the  starting  points  of  my  calculation. 
On  the  strength  of  the  earliest  observations,  which  are  dis- 
cordant, I  assume  the  position  angle  in  1722.42  to  have 
been  355°.  As  Herschel's  measurement  in  1783.63  made  it 
293°.6,  and  again  in  1791.15  so  much  as  293°.5, 1  take  the 
mean  and  put  it  (corrected  to  Eq.  1890)  at  293°. 5  in 
1785.45.  Then  Herschel's  observation,  1802.06,  is  accepted 
as  exact,  also  South 's  in  1825.24,  Dawes' in  1833.14,  Smith's 
1843.13,  Bond's  1848.30,  O.  Struve's  1854.94,  Main's 
1862.31,  Wilson  and  Seabrook's  1872.86,  Dembowski's 
1875.25,  and  one  of  1889  from  the  unpublished  work  of  a 
distinguished  astronomer  whose  name  I  am  not  at  liberty  to 
give.  The  curve  that  runs  through  these  points  keeps  well 
in  the  mean  of  all  the  observations,  some  230  in  number, 
that  I  have  before  me.  The  star  will  be  slow  for  some  time 
yet,  and  we  shall  hardly  live  to  see  how  it  accords  with  the 
calculation ;  but  here  are  its  places  on  toward  the  middle  of 
the  next  century : 

*  It  ifl  interesting  to  note  that  the  earlier  efforts  to  determine  this  orbit 
now  appear  the  best.  Compare  Madler's  elements,  1842,  with  the  numer- 
ous attempts  subsequently  published,  Handbook  of  Double-stars,  pp. 
239-240. 
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Date. 

Position  Anfi^le. 

Distance. 
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195 
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About  ten  years  ago  I  read  a  paper  on  the  orbit  of  70 
Ophiuchi  before  the  Academy  of  Science  in  Rochester,  N.  Y. 
The  elements  I  then  obtained  were : 
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87.40  years. 

Since  then  the  star  has  passed  through  90°  of  its  orbit. 
I  have  been  interested,  therefore,  in  reviewing  that  work, 
which  I  have  done  in  as  thorough  a  manner  as  possible. 
This  is  a  star  that  has  just  made  an  entire  revolution  since 
the  first  good  observation  was  made.  One  would  think 
therefore  that  it  might  be  easy  to  reduce.  But  a  closed  or- 
bit has  difficulties  of  its  own.  It  restricts  the  liberty  of  con- 
jecture by  which  one  leaps  over  many  obstacles.  It  leaves 
no  back  alley  into  which  to  pitch  a  surplus  of  time  or  space. 
Corrections  and  re-adjustments  become  delicate  and  difficult. 
At  least  so  I  have  found  it,  and  I  should  be  almost  ashamed 
to  say  how  long  I  have  worked  on  this  thing.  But  there 
are  always  shorter  cuts  to  an  end  that  one  sees  after  he  gets 
there.    The  storv  therefore  can  be  made  brief. 

Herschel  in  1802.25  found  the  angle  of  position  (corrected 
to  Eq.  1890)  ass''. 6.  The  pair  showed  the  same  angle  in 
1890.37,  as  nearly  as  I  can  judge  from  the  rather  incongru- 
ous observations  at  hand  of  recent  date.  This  makes  the 
period  88.12  years.  With  a  fixed  ratio  of  square  milli- 
meters to  3'ears  we  assume  what  must  be  the  contents  of  the 
ellipse  representing  the  apparent  orbit.  Its  eccentricit\'  then 
remains  to  be  found,  and  the  direction  of  its  node  by  a  series 
of  comparisons  and  approximations  requiring  some  pa- 
tience.   Finally  the  ellipsograph  must  be  so  set  that  it  will 
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meet  all  three  of  these  requirements  by  describing  a  medial 
line  through  the  points  representing  the  observations  of  a 
century  and  enclosing  the  fixed  number  of  square  millimeters 
equivalent  to  88.12  years.  Add  to  this  that  the  line  must 
not  be  heavier  than  a  hair,  and  that  the  measurements  must 
be  made  under  a  strong  lens.  Progressed  so  far,  Herschel's 
observation  of  1804.41  comes  in  somewhat  to  modify  the 
calculation,  as  it  seems  to  require  a  period  of  a  little  less 
than  88  years.  Between  the  two  the  best  seems  to  be  to 
put  it  at  88.04  years.  The  motion  of  this  star  has  been  so 
rapid  of  late  that  the  reckoning  of  time  has  to  be  carried  to 
the  third  place  of  decimals.  A  rude  little  diagram  gives  but 
a  poor  idea  of  this  beautiful  object.  The  orbit  differs  from 
the  two  others  I  have  discussed  in  having  the  line  of  nodes 
nearly  coincident  with  the  projection  of  the  major  axis,  so 
that  the  principal  star  appears  less  distorted  from  the  focus 
bv  the  inclination  of  the  orbit. 


As  will  be  seen  by  a  comparison  of  results,  my  present 
work  is  only  a  refinement  upon  that  performed  ten  \'ears 
ago.  Some  further  slight  changes  may  be  made  necessary 
by  the  observations  of  the  next  ten  years,  but  these  ele- 
ments, cannot  be  much  in  error: 

M      120=*  4-8' 


y       57° 


0.4-994. 
P       88.04  vears. 


1895.28 
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This  determination  compared  with  the  observations  ac- 
cords excellently  well  back  to  1825,  when  the  plus  residues 
(observed,  minus  computed  angle)  begin  to  be  slightly  in 
excess.  But  the  observations  are  few  and  the  excess  is  not 
more  than  1°,  always  leaving  out  of  account  Herschel's  two 
first,  which  contradict  each  other.  The  first  of  these,  90'^, 
1779.76,  is  short  8^4,  and  is  probably  an  error  of  record  for 
'8°  or  possibly  100°. 


I  append  an  ephemeris : 


1S90.990 

330 

2.00 

1891.560 

325 

2.04 

1892.160 

320 

2.09 

1892.777 

315 

2.12 

1893.4.26 

310 

2.16 

1894.072 

30S 

2.16 

1894.761 

300 

2.16 

1895.280 

295.73 

2.13 

Pcriasiron  pas 

m9«.609 

2W5 

2.10 

1897,697 

275 

1,91 

1898.632 

265 

1.7& 

1R99.4K2 

255 

1.69 

1900.237 

245 

1.62 

1900.941 

233 

1.58 

1901.350 

229 

1.57 

Mill.  n|Jpatent 

TENERIFFE,  ALTA 

VISTA,  TEVDE. 

D,  W.  EDGECOMB 

Thirty-four  years  ago  the  first  experiment  with  tclesco] 
at  a  high  altitude  was  madeat  Tcneriile  by  Piazzi  Smyth  far 
up  on  the  lava-covered  side  of  Teyde,  and  the.account  of  his 
residence  and  successful  observations  above  the  clouds  forms  • 
a  part  of  every  astronomical  librarj'.  Since  that  time,  tin- 
til  quite  lately,  the  island  has  been  almost  as  little  \'isited 
by  travelers  as  before,  and  it  is  still  quite  out  of  the  line  of 
American  travel. 

Within  three  or  four  years,  however,  it  has  been  growing 
as  an  English  watering  place,  and  every  winter  brings  an 
increasing  number  who  seek  to  avoid  the  fogs  and  storms  of 
England. 

It  was  many  years  since  I  had  read  "  An  Astronomer's  Ex- 
periment," but  the  pleasure  it  had  given  me  was  still  fresh 
in  my  memory ;  and  it  was  therefore,  with  far  more  than  the 
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interest  of  the  ordinary  tourist,  that  on  the  morning  of  the 
fifth  day  from  the  English  coast,  from  the  deck  of  an  Aus- 
tralian steamer,  touching  at  the  Canaries,  I  was  able  to 
trace,  far  ahead  and  high  amid  the  clouds,  the  dim  outline  of 
Teneriffe.  We  raaj'see  the  peak,  said  the  captain,  but  as  it 
is  more  than  thirty  miles  away,  nearly  at  the  other  end  of 
the  island,  and  generally  either  covered  with  clouds,  or  hid- 
den by  those  that  cover  the  intervening  mountains,  it  is  only 
occasionally  seen  as  we  approach  from  this  side.  I  was  for- 
tunate enough,  however,  before  the  day  was  over  to  see  its 
snowy  cone  capping  the  grand  mountain  mass  of  which  the 
whole  island  consists,  delicate  in  the  distance,  and  only  sug- 
gesting its  great  height  by  the  angle  which  the  direction  of 
its  summit  forms  with  the  surface  of  the  sea. 

Approaching  the  shore,  under  the  swift  march  of  the 
steamer,  the  interest  increases  almost  from  moment  to 
moment,  as  the  massive  features  of  the  island  are  revealed. 
Vast  rocky  masses,  of  mingled  green,  brown,  red  and  yellow, 
rise  in  precipitous  cliflFs  from  the  sea,  mountain  ridges  with 
their  crests  indented  and  broken,  with  cone  and  battlement 
and  pinnacle,  standing  in  relief  against  the  sky,  while  many 
a  deep  and  shadowy  gorge  came  down  to  the  sea  between 
them,  passed  us  as  we  approached  our  landing  place,  the 
harbor  of  Santa  Cruz,  the  capital  of  the  Canaries.  Hardly 
can  it  be  called  a  harbor  but  an  anchoring  place,  sheltered 
in  part  from  the  trade  wind  and  the  swell  of  the  Atlantic, 
by  the  mountainous  Eastern  end  of  the  island,  along  which, 
at  a  mile  or  so  distant,  we  had  been  sailing.  And  under  the 
lee  of  these  mountains  also,  we  have  come  to  realize,  almost 
suddenly,  as  it  were,  by  the  absence  of  the  sea  breeze,  and 
the  cessation  of  that  caused  by  the  motion  of  the  steamer, 
that  we  were  in  another  climate,  for  a  tropical  sun  shone 
down  upon  deck  as  the  ship  swung  to  her  anchor,  and  the 
white- washed  houses  of  the  town  on  shore  before  us  glowed 
and  glistened  in  the  summer  light. 

landing,  or  rather  tumbling  ashore,  for  it  was  a  tumbling 
swell  that  still  came  in  against  the  mole  from  the  Atlantic, 
we  found  ourselves  in  the  midst  of  men  and  women  in  tropi- 
cal dress,  children  in  tropical  undress,  donkeys  with  the  most 
overgrown  loads,  other  officials  in  bright  uniform  bearing 
equally  overgrown  loads — of  importance, — baskets  of  oran- 
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ges,  canary  birds  in  cages,  golden  sunshine,  and  i 
an  immense  quantity  of  the  Spanish  language.  Foil 
however,  a  little  streamlet  of  English  which  proceeded  froi 
the  mouth  of  the  hotel  guide,  we  passed  through  the  strcef 
stopping  only  to  gaze  at  the  solemn,  deliberate  tread  of  thi 
camels,  further  reminding  us  that  we  were  geographically 
Africa,  and  at  the  parallel  of  the  great  desert. 

Our  destination  is  the  Grand  Hotel  at  Orotuva ;  —  where  is 
the    place  on  this  side  the   Atlantic   without    its    English 
"Grand  Hotel"? — under  the  shadow  of  the  peak,  and,  say 
all,  where  the  climate  more  than  justifies  the  ancient  titles 
given  to  the  islands,  the  "Gardens  of  Hespcrides,"  the  "*  Isles 
of  the  Blessed."    It  is  a  ride  nt"  about  twenty-five  miles  and 
certainly  it  would  be  difficult  to  imagine  a  more  beaotifal 
one.     The  road  rises  fifteen  hundred  feet  above  the  sea,  |ta! 
cB  through  a  dreary  town,  Laguna,  at  that  height,  but 
terwards    along  the  northern  side  of  the  island  presenlinj^ 
series  of  the  grandest  views  of  a  land  sloping  from  cloud 
sea.     Everywhere  by  the  roadside,  the  geranium  grows 
weedy     profusion,    covered    with    scarlet  blossoms,    w 
petunias,  pinks,   violets,  mignonette,  and  all  our  fami 
plants,  greet  us  from   out   the  little   gardens;  and    all 
blossom,   the  climate  making  contemporaries  of  them 
From  among  these  the  little  birds  of  Canary  greeted  us  w 
chirp  and  twitter,  making  a  June  day  of  the  lirst  of  Febrtr- 
ary.     Most  striking  of  all  are  the  palm  and  orange  trees,  the 
"waving  plumes"  of  the  one  and   the  gohicn  fruit  of  the 
other  recalling  to  mind   the  half  forgotten  descriptions  of 
Humboldt  and  Smyth. 

And  always  as  we  approach,  the  trade-wind  doads  ■ 
and  close,  everchnnging  in  height  and  depth  and  form 
color,  displaying  and  agiin  concealing,  on  one  side  far 
below,  the  ocean,  and  far  above  on  the  other,  the  fnnn 
their  king,  the  high  and  mighty  |)cak. 

From  one  side  finally,  at  an  elevation  above  it  of  a  thi 
and  feet,  we  look  down  into  the  "Valley  of  Orotara,' 
grand  amphitheater  it  is,  with  mountains  on  three  sides 
the  sea  on  the  other.  What  could  have  been  the  cause 
what  the  manner  of  such  a  subsidence  ?  For  the  slope  aV 
which  we  have  been  advancing  extends  not  to  the  sea 
but  along  the  sea  front  ends  in  precipitous  cliffs  a  thou: 
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feet  in  height.  A  section  of  this  elevated  slope,  six  miles  or 
more  in  width,  has  sunken,  gradually  or  suddenly,  at  some 
time,  until  its  front  is  level  with  the  sea,  while  its  opposite 
side  is  still  the  mountain  ridge.  The  sides  of  the  valley  then 
present  sections,  in  some  places  nearly  two  thousand  feet  in 
thickness,  of  the  higher  portions  of  the  island.  Looking 
across  the  broad  chasm,  the  mountains  on  the  opposite  side 
are  blue  with  distance;  towns  and  small  clusters  of  houses 
lie  scattered  over  the  valley,  and  a  little  beyond  the  opposite 
and  highest  comer  rises  high  the  snowy  peak. 

Smyth  had  much  to  say  of  the  clouds,  and  describes  a 
curious  and  furious  battle  between  the  forces  of  the  oppos- 
ing trades.  It  would  be  indeed  impossible  to  give  even  the 
faintest  idea  of  the  pictures  presented  by  these  trade- wind 
clouds  seen  during  a  residence  of  a  few  weeks  at  the  sea  level 
in  the  valley.  Generally  the  mountains  are  covered,  and  a 
broad  canopy  extends  over  the  valley  and  a  little  way  out 
to  sea;  but  at  morning  and  evening  they  often  break,  lift 
and  are  dissipated,  revealing  the  crests,  the  slopes  and 
gorges  that  form  the  sides  of  the  vast  amphitheater,  to- 
gether with  the  crowning  peak,  and  exciting  more  and  more 
admiration  each  day,  at  the  grand  scale  on  which  the  whole 
is  built. 

So  gradual  is  the  elevation  of  the  broad  inclined  plain  from 
the  sea  that  as  one  looks  up  the  valley  it  is  difficult  to  be- 
lieve that  the  culminating  crest  is  from  six  to  seven  thous- 
and feet  high,  or  that  the  clouds  that  meet  and  rest  against 
the  cultivated  fields  half  way  up  the  easy  slope,  are  as  high 
as  those  overhead. 

In  the  early  morning  and  in  the  afternoon,  the  lower  air  is 
clear  and  tranquil  and  affords  beautiful  pictures  of  distant 
objects  in  the  telescope.  Natural  features,  the  curves  in  the 
sides  of  the  high  bluffs  along  the  sea-front  or  the  great  sec- 
tional walls  over-looking  the  valley,  the  homes  of  the  an- 
cient Guanches,  and  the  houses  and  villages  far  away  on  the 
mountain  slopes  are  so  well  defined  that  they  appear  to  be 
but  at  a  small  part  of  their  real  distance,  and  the  power  of 
the  telescope  seems  doubled.  But  the  hope  thereby  raised 
that  the  evenings  will  be  found  also  good  for  telescopic 
vision  is  rudely  shattered.  To  the  naked  eye  indeed,  the 
evenings  when  clear  from  clouds  are  glorious  in  the  extreme. 
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-  and 


e  eoncave  sky  seems  lowered  and  the  stars  £ 
brilliant.  The  scene  is  made  more  beautiful  by  the  fact  thnt 
the  heavens  are  equally  dark  and  the  stars  equally  bright  to 
the  very  crest  of  the  mountains  that  form  the  southern  hori- 
zon. I  have  more  than  once  placed  the  peak  in  the  field  of 
view  and  watched  the  occultation  of  stars  at  various  points 
along  the  cone,  and  their  emersions  on  the  western  side. 
Generally  the  disappearance  was  sudden,  almost  like  a 
lunar  occultation,  but  sometimes,  probably  when  the  rays 
encountered  a  warm  breath  from  the  mountains,  they  per- 
formed  strange  gymnastics  for  a  short  period  before  dodg- 
ing behind  the  cone. 

To  northern  eye  on  these  clear  nights  the  region  Argo. 
extending  to  the  south  and  east  of  Canis  Major  is  most  re- 
splendent with  stars,  while  Sirius,  raised  by  twenty  degrees 
above  its  position  as  we  are  accustomed  to  sec  it,  and  sup- 
ported from  below  by  that  grand  field  of  thickly  clustering 
stars  of  Argo,  seems  more  than  ever  worthy  of  its  title  of 
I.,eader  of  the  starrj-  host. 

But  how  they  all  twinkle,  and  how  suspiciously  large  they 
look  for  there  are  two  opposing  currents  of  air  in  motion 
over  the  valley,  and  these  are  of  different  temperatares.  so 
that  the  rays  are  sadly  demoralized  when  they  reach  the  eye. 
What  an  image,  therefore,  one  gets  in  the  telescope  I  A 
grove  of  chimneys  could  not  work  more  mischief;  and  after 
many  experiments  at  different  hours  on  the  clearest  nights, 
I  abandoned  the  telescope  in  disgust.  All  this  might  hare 
been  known  a  priori  from  the  conditions  so  well  studied  and 
described  by  Smyth,  but  who  would  have  believed  the  re- 
sult would  have  been  sn  invariable? 

Experiments  on  the  peak  itself  are  hardly  practicable  be. 
fore  the  middle  of  June,  for  it  is  too  near  the  line  of  perpetual 
snow,  and  too  liable  to  savage  storms,  and  as  I  could  not 
well  stay  so  long,  I  must  content  myself  with  a  pilgrim's 
visit  to  Alta  Vista,  and  the  Crater.  The  height  is  twelve 
thousand  two  hundred  feet,  and  as  the  work  begins  at 
the  sea  level,  there  is  no  discount  or  reduction  to 
the  climber,  from  the  total  elevation  to  be  overcome. 
One  can  ride  to  Alta  Vista  and  the  way  is  probably  no 
better,  if  no  worse,  than  when  Smyth's  cavalcade  passed 
over  it.     It  requires  the  same  good  qualities  in  horse  or  mule 
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and  the  same  patience  and  endurance  in  the  rider  now  as  it 
did  then.  No  one  will  question  a  single  foot  of  the  reputed 
height  that  has  made  the  journey. 

Passing  up  the  valley  the  marks  and  evidences  of  volcanic 
action  abound  on  every  hand.  They  appear  in  the  parasitic 
cones  or  craters  that  form  prominent  features  of  the  broad 
plain  itself,  in  the  confused  lava  rocks  that  cover  the  surface, 
and  the  exposed  edges  of  lava  sheets  in  the  sides  of  the 
gorges  or  "barancos;"  and  most  and  grandest  of  all,  when 
one  passes  out  above  the  misty  cloud  into  the  upper  sun- 
shine and  finds  himself  in  the  '*  Canadas,"  the  pumice  strewn 
floor  of  the  great  ancient  crater,  eight  miles  in  diameter 
with  its  encircling  mountain  walls  and  from  the  center  of 
which  rises  before  him  the  enormous  mass  of  the  central 
peak  and  its  crowning  "white-lipped"  cone.  No  observer 
of  lunar  scenery  can  help  exclaiming,  surely  this  is  the 
moon.  Masses  of  red  lava  protrude  from  the  fine  pumice 
floor  in  broken  heaps,  and  although  confiising  at  first,  a 
little  observation  shows  the  arrangement  of  radiating  lines 
from  the  central  cone.  But  it  is  from  the  peak  itself  that 
the  lunar  likeness  is  most  striking. 

For  as  one  approaches,  his  eyes  are  always  turning  to- 
wards the  summit  so  clearly  defined  against  the  sky,  and 
from  this  point  it  is  easy  to  see  the  continually  recurring 
puffs  of  white  vapor  which  are  forced  above  the  apparently 
sharp  pointed  top  of  the  still  active  volcano. 

Without  the  corrective  of  an  actual  knowledge  of  the 
angle  it  is  easy  to  over-estimate  the  degree  of  inclination  of 
a  mountain  like  the  cone  of  Teyde.  It  is  about  thirty  de- 
grees, but  seems  nearer  forty,  as  the  sure-footed  mule  of  the 
islands  zig-zags  up  the  cindery  side.  The  path  lies  between 
two  enormous  streams  of  black  lava — and  how  black  and 
shuddering  those  torrents  are — which  converge  as  you  rise 
until  they  meet  at  Alta  Vista.  One  hardly  wonders  at  the 
"impossible"  of  the  Spaniards  when  they  looked  at  the 
ponderous  mounting  of  Smyth's  equatorial  and  heard  him 
calmly  propose  to  erect  it  at  Alta  Vista.  For  my  "mulo" 
had  surely  used  his  last  reserve  of  force,  when  he  bore  me 
forward  upon  the  bit  of  level  ground  which  forms  the  his- 
toric plateau  and  invited  me  to  dismount  by  the  side  of  the 
half  ruined  walls  which  marked  the  site  of  the  "Astrono- 
mer's experiment." 


The  Sidereal  Messenger. 


The  walls  are  quite  well  etiougli  preserved  to  show  fuTtr 
the  form  and  manner  of  the  enclosure,  anil  nftcr  visiting 
each  apartment  I  sat  upon  a  comer  stone  and  looked  up  at 
the  heavens.  1  had  watched  the  sua  as  it  passed  to  its  set- 
ting behind  the  peak,  and  the  earth's  shadow  as  it  rose  dis- 
tinct in  the  eastern  heavens,  as  well  as  the  rising  of  the 
moon  out  of  the  ocean  from  a  point  a  thousand  feel  lielow. 
Now.  at  three  o'clock  in  the  morning,  Jupiter  was  high  in 
the  heavens,  one  of  the  objects  Smyth  especially  olwerved. 
The  moon,  Mars  and  Antares  formed  a  triangle  within  a 
small  area  in  Scorpio,  while  that  whole  constellation  wna 
spread  upon  the  sky  at  an  altitude  that  showed  its  beauties 
and  suggestive  form  in  a  manner  most  striking  and  impres- 
sive to  the  northern  eye. 

An  hour  and  a  half  later  and  I  had  climbed  over  the  vast 
masses  of  black  lava,  and  up  the  loose  cinderj'  side  of  the 
final  cone,  which  make  up  the  two  thousand  feet  of  height 
above  Alta  Vista,  and  stepped  over  the  narrow  brim  into 
the  white  smoking  crater.  One  is  willing  to  wait  a  little  be- 
fore  taking  anything  like  a  leisurely  look  from  the  pinnacle  on 
which  he  finds  himself  standing,  for  it  is  a  biting  wind,  "a 
nipping  and  an  eager  air,"  that  sweeps  through  that  rari- 
fied  region,  and  there  is  an  inviting  warmth  within.  A  Htllc 
below  the  edge  therefore,  and  sheltered  by  it,  I  drew  close  to 
a  great  opening  through  which  came  hot  breaths  from 
— somewhere, — sulphur  laden  but  not  suffocating. 

The  crater  is  about  two  hundred  and  fifty  feet  in  diamctCT, 
and  its  concave  floor  sinks  to  a  depth  of  sixty  or  seventy 
feet.  The  sulphur  breath  of  the  volcano  has  whitened  the 
whole  interior  and  the  exterior  also  for  a  short  distance 
from  the  top,  which  gives  it  the  white-lipped  appearance 
from  a  distance.  Around  the  many  escape  pipes,  through 
which  the  steaming  fumes  come,  in  some  cases  with  n  dcei* 
but  not  heavy  roar,  fine  sulphur  crystals  arc  forming  and 
the  visitor  may  gather  some  which  will  be  made  for  htm 
"while  he  waits." 

Looking  across  the  crater,  at  the  moon  and  Murs  imd 
the  stars  in  their  neighborhood,  what  strange  contortions 
did  the  rising  puffs  and  little  clouds  of  heated  vapor  cnase 
them  to  make.  They  danced,  expanded,  changed  form  and 
color  in  a  manner  most  kaleidoscopic.    Now  looking  to  tlw^ 
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east,  long  radiating  lines  of  vivid  light  strike  upwards 
against  the  light  clouds  that  float  near  the  horizon,  and 
make  a  golden  pathway  for  the  sun.  Downwards,  far,  far 
below  was  spread,  from  beyond  the  great  crater  walls,  the 
white,  billowy  surface  of  the  clouds  that  covered  the  low 
valley  of  Orotava.  Beyond  these  and  on  every  side  what  a 
delicate  azure  is  the  ocean ;  how  much  more  insubstantial  it 
appears  than  the  clouds;  how  softly  upon  its  ethereal  surface 
rest  the  other  islands  of  the  archipelago,  one  wrapped  to  its 
mountain  summits  in  snowy  cloud,  seems  to  float  upon  the 
sea  like  a  mass  of  softest  down ;  another,  cloudless,  presents 
varied  shades  of  greenish  brown  in  the  morning  light,  while 
the  outline  of  its  shore  is  marked  upon  the  blue  by  a  delicate 
line  of  white,  the  surf;  and  a  third  has  its  crests  encircled  by 
a  broad  thin  horizontal  ring  of  cloud.  What  a  lovely  object 
the  earth  must  be  if  observed  from  a  sufficient  distance. 

• 

As  the  sun  comes  up  from  the  great  desert  the  shadow  of 
the  peak  rises  against  the  western  sky.  It  is  at  this  time 
that  the  lunar  crater  immediately  below  is  seen  in  its  most 
striking  aspect.  Except  that  the  central  peak  is  much 
higher  than  the  walls,  which  rarely  happens  in  the  moon, 
one  cannot  avoid  the  conviction  that  the  view  is  just  what 
would  be  had  from  many  a  central  peak  there  familiar  to 
the  telescopist.  The  old  wall  is  not  complete,  but  quite 
enough  remains  to  show  the  part  it  has  taken  in  the  history 
of  the  volcano.  On  the  eastern  and  south-eastern  side  a  sec- 
tion throws  its  shadow  over  the  floor  of  the  crater,  while 
the  eastern  or  sunward  side  of  the  peak  and  the  interior 
slopes  and  precipices  of  the  southwestern  wall,  shine 
brightly  in  the  light  of  the  rising  sun.  The  small  craters 
and  masses  of  lava  which  cover  the  floor  are  brought  into 
high  but  temporary  prominence  by  thin  dark  shadows.  Ra- 
diating lines  of  red  lava  cover  one  part  reaching  out  to  the 
foot  of  the  crater  wall,  while  a  shower  of  pumice  has  at 
some  time  been  thrown  over  another  part  forming  a  smooth 
floor  through  which  the  points  and  ridges  of  the  lava 
streams  project.  Guajara,  the  highest  point  of  the  wall  on 
the  south,  has  plainh'  to  be  seen  on  its  rounded  top  the  heap 
of  stones  piled  b\'  Smyth  for  the  first  part  of  the  **  Experi- 
ment." In  ever\'  direction  beyond  the  walls  of  the  great 
crater  can  be  seen  the  parasitic  cones  that  at  diff*erent  times 
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have  become  the  vents  for  the  volcanic  forces  below,  andi 
these  add  familiar  features  to  the  lunar  likeness. 

It  is  well  worth  the  efl'ort  to  raise  one's  self,  for  once,  as 
far  above  the  clouds  as  one  lives  ordinarily  below^  them, 
and  learn  how  much  more  beautiful  they  may  appear  from 
above  than  from  below,  and  for  a  telescopist  there  is  no 
mountain  like  Tej'de,  for  he  may  almost  feel  that  he  has 
been  to  the  moon. 

Santa  Cruz,  Teneriffe,  May  19,  1890. 


CHESTER  SMITH   LYMAN.* 


i 

hard        ' 


Chester  Smith  Lyman  was  bom  Jan.  13,  1814.  at  Mi 
Chester,  Conn.,  being  the  eighth  lineal  descendant  of  Richard 
Lyman  who  landed  in  America  in  a  company  of  PuritaoB  in 
the  severe  winter  of  1G35. 

In  boyhood  Professor  Lyman  had  the  advantages  of  a 
common  country  school  while  working  at  intervals  on  « 
farm,  At  the  age  of  nine  years  he  showed  unusual  mechani- 
cal ingenuity  in  making  toys,  windmills,  waterwheels,  etc., 
as  well  as  a  great  interest  in  Astronomy  and  the  kindred 
sciences.  Very  few  books  of  any  kind  were  within  his  reach 
and  those  of  a  scientific  character  were  even  more  scarce 
than  others.  He  however,  gained  possession  of  one  on 
natural  philosophy,  Gibson's  Surveying  and  Bowditch's 
Navigation.  From  these  books  he  learned  the  nature  of 
lenses,  and  without  a  teacher,  the  rudiments  of  geometry 
and  trigonometry  and  some  knowledge  of  surveying  and 
navigation.  He  extemporized  a  telescope  for  himself  from 
a  small  burning  glass,  a  yard  stick  and  his  mother's  si>«cta- 
cles,  and,  in  later  life  he  said:  "I  can  never  forget  the  de- 
light with  which  I  turned  this  upon  the  Pleiades,"  and  for 
the  first  time  saw  this  cluster  expanded  into  a  large  number 
of  brighter  stars. 

*  The  facts  for  the  following  brief  sketcli  of  the  life  and  work  ol  Uk 
late  Professor  Chester  Smith  Lyman  are  matnly  taken  .from  a  well  written 
article  which  appeared  in  the  Norember  number  of  the  "  Popular  ScieiKt 
Monthly ''  for  1689.  The  fruntiapicce  was  made  from  a  photogrnph  kindlT 
(Hiniished  bp  Mary  F.  Lytnan. 
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At  thirteen  he   eagerly  read  Ferguson's  Astronomy  and 
ariticles  on  Optics  and  Astronomy  in  the  Edinburg  Encyclo- 
pedia.   From  thirteen  to  sixteen  he  spent  most  of  his  spare 
time  in  his  father's  tool  shop  constructing  astronomical  and 
other  instruments  from  the  diagrams  of  his  few  much  prized 
books,  such  as  a  sextant,  quadrant,  celestial  globe,  orrery, 
eclipsareon,  solar  microscope  and  a  Herschelian  telescope 
four  feet  long  which  enabled  him  to  see  Jupiter's  satellites 
and  belts,  Saturn's  rings,  the  moon,  and  other  celestial  ob- 
jects.   He  computed  all  the  eclipses  for  fifteen  years  to  come 
and  made  almanacs  for  1830  and  1831.    In  order  to  give 
the  places  of  the  planets  in  these  almanacs  (never  having 
seen  a  nautical  almanac  or  astronomical  tables  of  planets) 
he  made  rough  tables  for  himself  computing  them  from  the 
elements  of  the  planet's  orbits  as  given   in    his  book    on 
natural  philosophy.    At  the  age  of  fourteen  came  his  first 
experience  in  the  study  of  the  Latin,  from  which  he  derived 
the  life-long  conviction  that  the  ordinary  methods  of  teach- 
ing the  classics  consumes  fully  one-half  more  time  than  is 
necessary  to  accomplish  the  same  results. 

Two  or  three  years  later,  leading  business  men  of  Man- 
chester became  interested  in  the  mechanical  and  scientific 
pursuits  of  Mr.  Lyman,  and  sought  appointment  for  him 
to  a  cadetship  at  West  Point.  Pending  this,  he  became  in- 
terested in  religious  matters,  and  he  determined  instead  of 
entering  the  military  profession  to  pursue  a  college  course  of 
study  and  become  a  minister.  To  carry  out  this  plan,  he  at- 
tended the  Ellington  school  in  June,  1832,  a  prominent  pre- 
paratory school  in  New  England,  and  fitted  for  college  in 
twelve  months'  time,  and  in  1833  he  entered  Yale  College 
without  conditions.  During  his  Junior  year,  Mr.  Lyman 
was  one  of  the  originators  and  editors  of  the  Yale  Literary 
Magazine.  In  addition  to  his  regular  studies,  in  which  he 
took  high  rank,  he  was  assistant  to  the  Professor  in  Na- 
tural Philosophy  and  gave  some  attention  to  observations 
in  progress  at  the  Yale  Observatory. 

On  graduating  in  1837,  he  was  offered  several  eligible 
positions,  such  as  a  professorship  in  a  University,  a  place  in 
the  Wilkes'  Exploring  Expedition,  an  examinership  in  the 
Patent  Office,  etc.,  but  he  accepted  for  two  years  the  super- 
intendency  of  Ellington   School,  after  which  he   attended 
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Yale  and  Union  Theological  Seminaries,  then  he  occapicd 
short  pastorale  at  the  First  Church  in  New  Britain.  Conncet- 
icnt.  Health  faiUng,  he  took  a  sea  voyage,  and  after  seven 
and  a  half  months  he  reached  the  Sandwich  Islands,  where 
he  remained  a  little  more  than  one  year.  While  at  this  place 
he  visited  and  mapped  the  volcanic  crater  of  Kilauca,  after- 
wards  fully  described  in  the  "American  Journal  of  Science." 
The  great  rainfall  at  Hawaii  led  Mr.  Lyman  to  construct  an 
ingenious,  self-registering  rain  gauge,  so  that  an  accurate 
measure  of  the  total  annual  rainfall  could  be  known.  It 
was  found  to  be  over  ten  feet.  While  at  this  place  he  also 
taught  the  Royal  School,  for  a  few  months,  having  ann 
his  pupils  four  young  chiefs  and  a  young  woman  who  laj 
was  Itnowrt  as  Queen  Emma.  The  young  chiefs  also  all 
sequently  occupied  the  Hawaiian  throne. 

In  July,  1840,  Mr.  Lyman  returned  to  California,  and  be- 
ing a  practical  surveyor  soon  found  employment  in  Saa 
Francisco,  just  then  newly  laid  out,  and  not  having  build- 
ings cnougli  anywhere  to  show  the  direction  of  any  street 
but  that  of  Montgomery.  He  was  also  employed  in  various 
parts  of  California  in  surveying  ranches  and  towns,  es- 
pecially in  the  region  southward  towards  San  Jose  which 
place  he  was  employed  to  resurvey.  He  made  the  original 
survey  of  the  famous  New  Almadcn  quicksilver  mine,  proba- 
bly the  richest  mine  of  the  kind  in  the  world. 

In  May  1847  gold  was  discovered  at  Sutter's  Mill  on  the 
American  river,  about  one  hundred  and  fifty  miles  to  the 
north.  Soon  Professor  Lyman  and  his  surveying  party 
visited  that  point,  and  the  letters  which  he  wrote  to  the 
Eastern  papers  concerning  the  gold  discovery  were  among 
the  first  authentic  accounts  published,  and  his  articles 
.awakened  verj'  unusual  interest.  He  did  not  stay  long  in 
this  region;  his  health  being  restored  he  returned  to  New 
Haven  in  1850,  and  in  June  was  married  to  Miss  Delia  W, 
Wood,  daughter  of  Hon.  Joseph  Wood.  He  settled  per- 
manently in  New  Haven,  and  again  engaged  in  literary  and 
scientific  work,  part  of  which  was  the  preparation  of  defi- 
nitions of  scientific  words  for  the  new  editions  of  Webster's 
Dictionary.  In  1859  he  became  Professor  of  Industrial  Me- 
chanics and  Physics  in  Yale  College,  taking  an  active  part 
in  the  organization  of  the  Sheffield  Scientific  school  in  which 
he  taught  .\stronomy. 
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In  1871  his  chair  in  this  school  was  changed  to  astro- 
nomy and  physics.  In  1884,  on  account  of  his  impaired 
health,  he  resigned  the  chair  of  physics,  but  still  retained  the 
Sheffield  Professorship  of  Astronomy  from  the  organiza- 
tion of  the  school  in  1860. 

Professor  Lyman  was  the  original  inventor  of  the  com- 
bined transit  instrument  and  zenith  telescope  for  determin- 
ing latitude  by  the  Talcott  method.  It  was  constructed  by 
him  in  1852—53,  and  was  described  in  the  American  Journal 
of  Science.  This  was  ten  years  before  the  account  of  a  like 
instrument  appeared  by  Davidson. 

As  we  have  before  said,  Professor  L3'man  was  actively  in- 
terested in  the  establishment  of  Yale  Observator\^  and  was 
one  of  its  board  of  managers.  It  will  be  easily  remembered 
by  all  readers,  too,  that  he  was  the  first  to  observe  the  deli- 
cate ring  of  light  around  Venus  at  inferior  conjunction  in 
December,  1866,  and  also  before  and  after  the  transit  of  Venus 
in  1874.  As  a  thorough  scholar,  a  successful  instructor  and 
an  original  investigator.  Professor  Lyman  was  eminent,  and 
well  and  widel^*^  known  in  the  literar}'  and  scientific  circles  of 
the  world. 


MOTIONS  OF  PLANETARY  NEBULA  IN  LINE  OF  SIGHT. 


A  very  suggestive  paper  with  title  **  On  the  Motions  of  the 
Planetary  Nebulae  in  the  Line  of  Sight,"  has  been  published 
by  James  E.  Keeler,  of  the  Lick  Observatory,  in  No.  11  of 
the  Publications  of  the  Astronomical  Society  of  the  Pacific. 
This  paper  contains  a  preliminary  account  of  the  researches 
in  the  spectra  of  the  planetary  nebulae,  and  a  statement  of 
the  results  of  measurements  which  show  that  some  of  the 
nebulae  which  have  hitherto  been  supposed  to  be  at  rest  rela- 
tivelv  to  the  solar  svstem,  have  a  considerable  motion  in  the 
line  of  sight.    The  paper  also  gives  a  careful  description  of 
the  different  spectroscopes  used  and  the  objects  observed. 
It  is  further  stated  **that  in  seeking  to  determine  the  mo- 
tions of  the  nebulae  from  these  observations,  a  difliculty  pre- 
sented itself  which  does  not  occur  in  the  observations  of 
stars  in  line  of  sight.    The  origin  of  the  brightest  nebular 
line  is  unknown,  and  hence  we  have  no  terrestrial  substance 
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with  which  tti  make  a  direct  comparison.  The  position  of 
that  nehular  line  must  therefore  be  determined  in  some  other 
way.  This  was  done  by  observations  of  nebuUc  distributed 
with  some  degree  of  uniformity  throughout  the  sky,  assum- 
ing the  mean  position  of  the  line  as  that  due  to  a  nebula 
without  motion.  The  residuals  obtained  by  comparing  the 
individual  results  with  this  mean  would  represent  the  corre- 
sponding displacement  of  the  line  for  each  nebula.  A  tabic 
of  the  observations  of  a  few  nebulfe  is  made  in  this  way  ( 
follows : 

Motions  of  Planetary  Nebulae  in  tbc  Line  of  Sight. 

(A  positive  EJgn  signifies  recession ;  a  negative  Eigii  approscli.  t 
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It  is  probable  that  a  greater  nnmber  of  ncbulie  would  g 
a  somewhat  smaller  mean  wave-length  for  the  position  c 
the  brightest  line,  and  that  therefore  the  motions  of  i 
proach  in  the  above  table  are  too  small.  The  single  compi 
ison  of  the  third  line  in  the  spectrum  of  -  6  with  the  hyd 
gen  line  Hfi  also  indicates  a  higher  mean  position  of  t 
nebular  line,  although  the  observation  was  subject  to  rati 
large  accidental  errors.  The  difference  of  motion  of  the  neb- 
nhe  given  in  the  table  above  I  believe  to  have  a  considerable 
degree  of  accuracy, — /.  e,,  that  the  errors  do  not  much  e.teeed_ 
two  or  three  English  miles. 

The  spectra  of  the  nuclei  of  planetary  nf^^ula;  have  a  i 
markablc  resemblance  to  the  spectra  of  the  Wolf-Rayct  n 
other  bright-line  stars,   and  intimate  connection    betm 
these  objects,  if  established  by  further  obseri-ations,  wod 
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place  the  bright-line  stars  first  in  the  order  of  development. 
The  D3  line  appears  in  the  central  condensation  of  a  number 
of  bright  nebulae,  and,  with  sufficient  light,  would  probably 
be  seen  in  many  of  them,  and  this  line  is  also  prominent  in 
most  of  the  bright-line  stars.  Other  lines  in  the  nebulae  and 
stars  are  probably  of  identical  origin.  At  my  request  Mr. 
Bumham  and  Mr.  Barnard  examined  the  Wolf-Rayet  stars 
in  C\'gnus  for  traces  of  surrounding  nebulosity  with  only 
negative  results.** 

At  the  close  of  this  paper  Mr.  Keeler  appends  the  follow- 
ing note : 

"Since  my  paper  was  printed,  I  have  seen  No.  293  of  the 
Proceedings  of  the  Royal  Society,  in  which  Mr.  Lockyer 
describes  his  recent  observations,  and  arrives  at  conclusions 
which  cannot  be  reconciled  with  my  own.  There  is,  how- 
ever, nothing  that  I  could  wish  to  change  in  my  paper,  since 
it  is  simply  a  record  of  observed  facts.  In  only  one  place 
(observations  of  -  6)  have  I  referred  the  observed  appear- 
ances to  a  cosmical  theory,  and  the  reader  can  easily  supply 
any  other  explanation  that  is  in  accordance  with  the  facts. 

The  errors  which  Mr.  Lockyer  mentions  as  liable  to  arise 
from  imperfect  adjustment  of  the  collimator  axis  and  from 
parallax,  seem  to  me  excessive,  if  the  telescopes  are  good 
and  the  adjustments  are  carefully  made,  and  if  they  existed 
they  would  make  observations  of  motion  in  the  line  of  sight 
impossible.  Certainly  no  errors  approaching  them  in  mag- 
nitude are  produced  in  my  own  apparatus,  when,  in  testing 
for  constant  errors,  the  various  adjustments  were  purposely 
disturbed  by  amounts  greater  than  could  occur  in  practice. 
Among  the  many  experiments  which  were  made  was  the  one 
suggested  by  Mr.  Lockyer — rotating  the  spectroscope  180° 
between  measures,  but  no  appreciable  effect  was  produced 
upon  the  position  of  the  nebular  line. 

As  regards  accuracy  of  positions,  there  is  a  great  advan- 
tage in  using  a  very  high  dispersion,  such  as  was  employed 
in  these  measures,  since  any  angular  displacement  of  the 
parts  of  the  apparatus  produces  but  a  small  error  measured 
in  wave-lengths.  The  measures  are  also  differential,  the 
reference  line  being  in  the  same  field  and  the  telescope  fixed 
in  position.  They  are  affected  by  an3'  error  in  the  assumed 
place  of  the  reference  line,  but  this  is  immaterial  for  the  pur- 
poses of  the  investigation. 
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On  referring  to  my  measures,  it  will  be  seen  that  they  ap- 
parently have  a  vastly  higher  degree  of  accuracy  than  that 
which  Mr.  Lockyer  considers  attainable.  When  it  is  remem- 
bered that  these  measures  were  made  on  different  nights 
(the  spectroscope  usually  having  been  dismounted  in  the  in- 
terval), and  frequently  without  any  recollection  of  the  results 
previously  obtained,  it  appears  in  the  highest  degree  improb- 
able that  the  agreement  of  the  different  results  for  the  same 
object  should  be  the  result  of  accident.  In  the  observations 
of  the  motion  of  Venus  in  the  line  of  sight  the  interval  be- 
tween the  D  lines  appeared  under  an  angle  of  1°  17',  as 
viewed  with  the  eye-piece,  and  any  good  observer,  on  noting 
the  small  displacement  of  the  lines  of  the  planet,  would  ad- 
mit the  possibility  of  measuring  this  displacement  to  within 
a  tenth  of  its  value.  Hence  the  accuracv  of  the  measures  in 
this  case  cannot  be  regarded  as  accidental,  and  for  the  neb- 
ulas, on  which  even  a  higher  dispersion  was  employed,  the 
probable  error  of  a  setting  was  not  much  greater. 

In  regard  to  the  character  of  the  chief  nebular  line  I  can 
only  repeat  that  I  see  no  tendency  in  it  to  assume  the  fluted 
appearance  described  by  Mr.  Lockyer  either  in  the  nebula  of 
Orion  or  in  the  others  I  have  observed,  some  of  which  are 
fainter,  and  some  very  much  brighter.  Near  the  nucleus  of  a 
nebula,  if  it  has  one,  the  lines  are  broader  and  hazy,  but 
equally  so  on  both  sides,  and,  as  nearly  as  their  different  de- 
grees of  brightness  will  allow  one  to  judge,  all  the  lines  are 
affected  alike. 

For  faint,  extended  nebulae,  the  great  focal  length  of  the 
thirt\^-six  inch  equatorial  is  a  positive  disadvantage,  and  I 
do  not  attach  much  weight  to  the  negative  results  obtained 
ill  the  examination  of  some  of  these  objects  giving  continu- 
ous spectra. 

HOW   TO   MEASURE  THE   INVISIBLE.* 
IIHNKV   M.   I\\KKHl'KST. 


When  Comte's  Positive  Philosophy  was  published,  some 
fort\'  years  ago,  Kirchhoff  had  not  made  the  discovery  which 

•  A  Iccttirc  delivered  before  the  astronomical  department  of  the  Brooklyn  Insti- 
tute. October  13.  and  illustrated  with  lantern  views  and  diagrams.  The  remain- 
der of  the  lecture  will  be  Kiven  next  month  with  the  illustrations. 
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lies  at  the  foundation  of  all  spectroscopic  analysis.  It 
seemed  then  that  there  could  be  no  question  of  the  correct- 
ness of  his  assertion  that  the  chemistry  of  the  stars  would 
be  forever  beyond  the  reach  of  human  investigation.  What 
could  be  more  certainly  impossible  than  that  men  of  science, 
separated  from  the  stars  by  millions  of  millions  of  miles  of 
spade,  void  with  the  exception  of  a  possible  ether,  so  etherial 
as  not  to  perceptibly  interfere  with  the  motion  of  the  rarest 
comets,  could  ascertain  what  substances  exist,  and  their 
chemical  nature,  in  those  inconceivably  distant  orbs?  His 
reasoning  was  good ;  but  his  argument  contained  a  flaw  in 
assuming  as  a  self-evident  fact  that  which  was  not  a  fact. 
The  sense  of  sight  alone  can  give  us  information  with  regard 
to  the  stars.  Xo  sound  can  cross  the  depths  of  space:  still 
less  can  our  other  senses  aid  us;  for  they  require  close  prox- 
imitv  if  not  adtual  contact  as  the  b-isis  of  their  indications. 
Comte  argued  that  all  that  we  could  learn  of  the  stars  must 
be  learned  through  the  instrumentality  of  the  sense  of  sight; 
and  he  assumed  that  it  was  absolutely  impossible  for  us  In*^ 
the  sense  of  sight  to  distinguish  between  the  different  chemi- 
cal elements  in  the  stars.  Yet  the  discovery  of  the  principle 
of  the  spectroscope  has  made  this  seeming  impossibility  pos- 
sible. Comte's  system  of  Positive  Philosophy'  was  founded 
upon  the  assumption  that  there  were  some  things  that  men 
positively  could  not  know ;  that  it  was  useless  to  look  for  it 
or  to  hope  for  it ;  and  this  was  one  of  them.  Let  me  read  to 
you  his  exact  language: 

**0f  all  objects,  the  planets  are  those  which  appear  to  us 
under  the  least  varied  aspect.  We  see  how  we  may  deter- 
mine their  forms,  their  distances,  their  bulk,  and  their  mo- 
tions, but  we  can  never  know  anything  of  their  chemical  or 
mineralogical  structure;  and,  much  less,  that  of  organized 
beings  living  on  their  surface.'* 

Although  the  word  "planets'*  is  used  in  the  translation  of 
this  sentence,  it  is  of  the  stars  that  he  is  speaking,  and  the 
argument  applies  eciually  to  the  planets  and  tlie  tixed  stars. 
The  fact  that  to-day,  wliat  he  pronounced  forever  impossi- 
ble, and  there  was  no  one  to  tell  him  nay,  has  already  been 
attained,  should  be  a  lesson  to  us  never  to  be  positive  of  the 
impossibility  of  .'ittaining  any  sort  of  knowledge.  What- 
ever knowledge  man  has  sufficient  conception  of  to  imagine 
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a  theory  with  regard  to,  there  is,  so  far  as  wc  know,  a  p< 
Bibility  of  his  reaching,  in  some  way  and  at  some  time. 
with  regard  to    the   mathematical  computation    that 
steamship  could  ever  cross  the  Atlantic,  tjecause  the 
would  not  famish  sufficient  power  for  its  own  transpoi 
tion,  it  seems  as  if  the  very  announcement  of  an  imj^ 
bility,  served  but  as  a  prclnde  to  emphasize  the  tnanrdi 
achievement. 

Before  the  invention  of  the  telescope  an  object  upon 
moon's  surface  fifty  miles  in  diameter  could  not  be  seen 
it  seemed  impossible  that  men  should  ever  know  an> 
about  lesser  objects.  By  the  argument  of  Comte,  man  was 
forever  debarred  from  knowing  about  such  objects.  Leav- 
ing out  of  view  the  possibility  of  optical  magnification,  the 
sense  of  sight  having  already  reached  the  limit  of  its  po' 
there  was  no  basis  left  for  further  discoveries;  and  amoi 
absolute  impT*sibilities,  quality  was  no  more  to  be  reject 
as  unattainabl','  than  quantity.  The  invention  of  the  tel" 
scope  has  introduced  a  new  element  before  unthought  of; 
and  it  has  taught  us  the  first  mode  of  measuring  the  invisi- 
ble; which  is,  first  to  make  it  visible,  by  magnifying  ito[>- 
tically.  The  thousands  of  minute  craters  upon  the  moon's 
surface  can  now  be  measured;  whereas  before  the  invention 
of  the  telescope  their  existence  could  not  be  suspected.  We 
have  not  yet  learned  what  limitation  attends  this  mode  of 
magnification.  Each  new  large  telescope,  making  visible 
and  measurable  that  which  was  before  invisible,  leads  to 
construction  of  another  larger  telescope;  and  the  end  is 
yet.  The  great  refractor  of  the  National  Observatory,  w 
I  was  there,  had  an  aperature  of  less  than  ten  inches.  Tbim' 
came  the  Harvard  refractor  of  fifteen  inches.  The  Chicago 
telescope  of  eighteen  inches  suceeded.  Others  still  larger  foK 
lowed,  until  the  new  refractor  of  twenty-six  inches  aperl 
replaced  the  old  one  at  Washington.  At  last  has  corae 
Lick  telescope  of  thirty-six  inches,  eclipsing  all  predeoessi 
And  even  now  the  Clarks  are  engaged  in  the  constmctioi 
a  still  larger  telescope,  which  is  expected  to  excel  even 
Lick  telescope. 

Not  only  may  we  have  larger  telescopes,  but  new  discol 
lea  iu  the  manufacture  of  the  lenses  may  so  improve 
definition,  by  getting  rid  of  the  irrationality  of  the  s| 
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as  to  still  further  increase  their  magnifying  power.  Such 
improvements  cannot  add  much  in  the  observation  of  exces- 
sively faint  objects,  but  maN'  add  materiall3'  in  observations 
where  definition  is  required  rather  than  light. 

It  will  take  manj'  years  to  double  the  power  of  our  largest 
telescopes,  if  it  can  ever  be  done ;  and  it  is  natural  to  sup- 
pose that  the  power  of  measurement  must  await  the  im- 
provement of  the  telescope.  We  may  measure  the  invisible 
by  first  making  it  visible ;  but  how  can  we  measure  it  if  we 
cannot  make  it  visible  ?  The  sight  is  our  only  sense  which 
reaches  beyond  our  own  little  planet.  If  we  cannot  \:ake 
cognizance  of  a  distant  object  by  our  vision,  how  can  we 
know  that  it  exists  ? 

One  answer  to  this  question  it  is  not  difficult  to  find.  In 
an  eclipse  of  the  sun,  we  cannot  see  the  moon ;  but  we  know 
that  it  exists  from  its  intercepting  the  rays  of  the  sun.  Even 
if  we  never  saw  the  moon  at  any  other  time,  we  should 
know  in  a  solar  eclipse  that  it  existed.  Or  if  that  is  consid- 
ered too  metaphysical,  I  will  pass  at  once  to  another  illus- 
tration. 

The  irregularities  in  the  proper  motion  of  Procyon  have 
been  found  to  indicate  that  it  is  accompanied  by  a  body  in- 
visible to  us,  and  yet  of  sufficient  mass  perceptibly  to  affect 
its  motion.  Procyon  and  this  invisible  body  revolve  around 
a  common  center  of  gravity.  We  know  that  this  dark  bod^' 
exists,  and  we  know  approximately  its  direction  from  Pro- 
cyon and  the  period  of  its  revolution.  But  these  facts  do 
not  give  us  any  means  of  measurement.  We  cannot  learn 
from  these  facts,  so  far  as  I  can  see,  anything  whatever  with 
regard  to  the  distance  between  the  bodies,  or  their  relative 
size,  or  absolute  size,  or  anything  which  can  properly  be 
called  a  measurement.  In  like  manner  and  still  earlier,  Sir- 
ius  was  found  to  have  an  irregular  proper  motion,  inducing 
the  belief  that  it  was  attended  by  an  invisible  companion. 
The  subsequent  discover^'  of  the  companion  of  Sirius,  very 
faint  but  of  considerable  size,  while  it  confirms  the  hypothe- 
sis of  the  cause  of  the  irregularities  in  the  motion  of  Procyon. 
makes  it  no  longer  possible  to  cite  Sirius  as  an  illustration  of 
a  bright  star  attended  by  a  known  invisible  companion. 

It  has  long  been  thought  not  improbable  that  the  variable 
star,  Algol,  is  accompanied  by  a  dark  body  which  at  each 
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revolution,  conies  between  us  and  the  principal  star,  and 
cuts  off  a  portion  of  its  light,  causing  its  brightness  to  fall 
from  the  second  to  the  fourth  magnitude.  Here  all  that  we 
see,  and  all  that  any  telescope  can  show  us,  is  the  diminu- 
tion of  the  light.  If  we  knew  that  the  dark  body  passed  di- 
rectly and  centrally  between  us  and  the  bright  star,  this 
would  give  us  an  approximation  to  the  relative  sizes  of  the 
two  bodies;  but  even  upon  that  hypothesis  we  could  not 
know  their  actual  size  or  distance.  It  is  manifest  that  if  the 
plane  of  the  orbit  should  be,  as  it  would  be  most  likely  to  be, 
inclined  to  the  line  of  sight  (the  line  joining  Algol  and  the 
earth),  the  dark  body  might  not  pass  entirely  across  the 
disk  of  the  other;  so  th^t  it  is  impossible  to  say  how  much 
larger  the  dark  body  is,  In  the  existing  state  of  our  knowl- 
edge it  seems  probable  that  the  dark  body  is  the  smaller  of 
the  two.  It  is  difficult  to  understand  how  one  body  can  be 
glowing  with  heat,  while  another  body  of  equal  or  larger 
size,  under  very  similar  conditions,  is  so  cooled  down  as  to 
cease  to  be  luminous.  To  reduce  this  difficulty  as  much  as 
possible,  it  is  assumed  that  the  dark  body  passes  nearly  cen- 
trallv  over  the  other  at  each  revolution,  and  that  its  size  is 
only  enough  to  account  for  the  amount  of  light  obstructed. 
This  does  not  remove  the  difficulty,  but  it  reduces  it.  In  any 
event  there  is  so  much  hypothesis  mixed  with  our  known 
facts  that  our  results  cannot  properly  be  called  results  of 
measurement,  and  such  results  are  not  measures  of  the  in- 
visible. 

Yet  we  are  not  left  to  mere  hypothesis  in  this  case.  The 
telescope  enables  us  to  measure  the  invisible  by  first* making 
it  visible;  the  spectroscope  enables  us  to  measure  the  invis- 
ible without  making  it  visible;  and  this  is  the  matter  which 
I  wish  to-night  specially  to  explain. 

Let  nic  first  remark  that  the  spectroscope  not  only  upsets 
our  ])reconceivc(l  notions  of  the  ])ossibilities  of  things,  but 
reverses  the  order  of  its  revelations.  When  an  object  is  pre- 
sented to  our  view,  wc  first  form  some  idea  of  its  form,  its 
distance  and  its  size;  and  the  investigation  of  its  nature,  and 
the  nature  of  the  substances  of  which  it  is  composed,  comes 
afterwards.  lUit  in  these  mysterious  revelations  of  the 
spectroscope  in  the  stellar  universe,  it  first  revealed  to  us  the 
nature  of  the  substances  of  which  the  stars  were  composed; 
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then  whether  gaseous  or  solid,  whether  of  a  high  or  low 
temperature ;  and  its  last  achievement  is  the  measurement  of 
distances  and  of  masses. 

The  principal  star  in  the  constellation  Capricomus,  is  a 
double-star  known  before  the  invention  of  the  telescope. 
The  apparent  distance  of  the  two  stars  is  about  6'.  Soon 
after  the  application  of  the  telescope  to  astronomical  re- 
search it  was  found  that  there  were  much  closer  double- 
stars,  so  close  as  not  to  be  distinguishable  by  the  naked  eye. 
Every  advance  in  the  improvement  of  the  telescope  has 
brought  to  our  knowledge  still  closer  double-stars,  the  dis- 
tance between  them  being  so  magnified  as  to  become  visible 
and  measurable.  But  the  spectroscope  has  revealed  to  us  a 
double-star  so  close  that  no  telescope  will  show  the  distance 
between  the  two  stars,  although  each  one  of  the  two  stars 
is  bright  enough  to  be  visible  to  the  naked  cn'c;  and  I  shall 
endeavor  to  explain  to  3*ou  how  it  is  capable  theoretically  of 
revealing  to  us  the  duplicity-  of  stars  so  optically  close  that 
no  possible  telescope  of  the  future  could  ever  separate  them. 

In  order  to  make  this  intelligible,  it  will  be  necessary  for 
me  to  explain  what  the  spectroscope  is,  and  how  it  gives  us 
information.  As  preliminary  to  that,  and  to  make  its  indi- 
cations certain,  on  their  face,  I  must  speak  of  the  nature  of 
light,  and  especially  of  color.  I  shall  speak  of  these  points 
with  sole  reference  to  explaining  and  demonstrating  this 
latest  achievement  of  the  spectroscope. 

I  will  not  go  back  in  the  history  of  the  spectroscope  to  the 
time  of  the  flood,  when  the  colors  of  the  rainbow  first  at- 
tracted attention ;  but  will  begin  with  the  time  of  Newton, 
who  in  1664  studied  those  same  colors  produced  b\'  refract- 
ing the  sun*s  ra\'s  through  a  glass  prism.  He  found  the 
solar  rays  to  consist  of  raN's  of  different  degrees  of  refrangi- 
bility.  When  the  aperture  through  which  the  sunlight  was 
received  upon  the  prism  was  a  circular  hole  in  the  shutter, 
each  kind  of  light  formed  a  circle  in  a  different  place,  accord- 
ing to  its  rcfrangibility,the  different  circles  lapping  over  each 
other  and  mingling  their  colors.  B\'  changing  the  form  of 
the  aperture  to  a  slit,  he  found  that  the  colors  became  much 
more  pure.  Carrying  out  the  same  plan  to  greater  perfection 
Wollaston  observed  in  1802  some  of  the  principal  dark  lines 
in  the  spectrum,  which  he  considered  as  the  boundary  lines 
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between  tlie  different  pure  colors.  These  lines  were  careftiU; 
observed  and  mapped  by  Framihofer  in  181J-,  Were  the 
rays  of  light  of  all  degrees  of  refrangibility  between  certain 
limits,  there  would  lie  no  dark  lines.  In  the  continnow) 
spectrum  of  an  incandescent  non-volatile  substance,  snch  as 
carbon  under  ordinary  conditions  there  are  no  dark  lines. 
The  existence  of  these  dark  lines  in  the  sunlight  shows  that 
there  are  certain  degrees  of  refrangibility  which  do  not  exist 
in  the  sunlight  as  it  comes  to  us.  It  was  the  discovery  by 
Kirchboff  in  1859  of  the  cause  of  this,  of  the  way  in  which 
these  kinds  of  rays  in  the  original  light  from  the  incandes- 
cent body  of  the  sun  are  weeded  out  of  the  continuous  spec- 
trum by  glowing  gases  in  the  sun's  atmosphere,  which  was 
the  first  step  in  the  science  of  spectroscopy. 

When  cotnmon  salt  is  put  into  the  flame  of  a  Bunsco 
burner,  instead  of  its  light  becoming  diffused  in  a  continuous 
spectrum,  it  is  wholly  confined  to  two  narrow  lines,  close 
together.  Upon  comparing  the  position  of  these  two  lines 
with  the  lines  of  the  solar  spectrum,  it  had  been  found  that 
they  exactly,  or  at  least  very  nearly,  corresponded  with 
Fraunhofer's  two  D  lines.  Kirchboff  traced  the  identity  of 
the  lines,  and  showed  it  demonstrated  the  existence  of  the 
vapor  of  sodium  in  the  sun's  atmosphere.  It  is  rema^-kablc 
bow  nearly  the  discovery  had  been  made  many  years  before. 
Even  before  the  discovery  of  the  lines  in  the  solar  specLrum, 
Euler.  reasoning  from  the  nature  of  wave  motion,  had  enun- 
ciated the  principle  that  "Every  substance  absorbs  light  of 
such  a  wave  length  as  coincides  with  the  vibrations  of  itfi 
smallest  particles." 

Again,  in  1853,  Angstrom  enunciated  the  principle  that 
"A  luminous  gas  absorbs  rays  of  the  same  refrangibility  as 
those  which  it  emits."  But  although  these  principles  were 
enunciated,  there  does  not  appear  to  have  beeu  any  attempt 
to  verify  them  by  experiment,  or  any  clear  conception  of  the 
resulting  consequences,  until  the  observations  of  Kirchboff  in 
1859.  From  direct  comparison  of  the  two  bright  soilium 
lines  with  the  two  dark  D  lines  of  the  solar  spectrum,  and 
fi-om  observation  of  the  effect  of  a  sodium  flame  to  pro- 
duce the  same  two  dark  lines  when  a  bright  light  shone 
through  it,  Kirchhoff  was  convinced  of  the  existence  of 
the  vapor  of  sodium  in  the  sun's  atmosphcr,   and  at  qow 
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proceeded  to  investigate  what  other  chemical  elements  could 
be  found  to  exist  in  the  sun's  atmosphere  by  the  appearance 
of  their  lines  in  the  solar  spectrum.  His  most  remarkable 
result  was  the  discovery  that  more  than  sixty  dark  lines  in 
the  solar  spectrum  exactly  coincide  with  as  many  of  the 
bright  lines  produced  by  the  vapor  of  iron ;  demonstrating 
the  existence  of  iron  in  the  form  of  vapor  in  the  sun's  at- 
mosphere. And  later  there  have  been  found  to  be  no  less 
than  460  iron  lines  in  the  solar  spectrum.  Various  other 
chemical  elements  are  also  identified.  But  for  my  present 
purpose  it  is  enough  to  have  made  it  apparent  that  the 
cause  of  the  dark  lines  in  the  spectrum  of  the  sun  and  of  the 
stars  is  known,  and  that  we  can  safely  rely  upon  the  conclu- 
sions which  follow  from  the  phenomena  which  we  observe 
in  relation  to  them. 

(TO  BE  CONTINUED.) 


CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  will  be  at  superior  conjunction  with  the  sun  on  Nov.  16,  so 
that  he  will  not  be  in  good  |)osition  for  observation  during  November. 

Vcntfs  is  approaching  inferior  conjunction,  and  althou>i:h  very  brilliant 
cannot  be  well  observed  after  sunset.  The  best  views  are  obtained  from 
one  to  two  hours  before  sunset.  The  diameter  of  Venus*  disk  increases 
from  -W..4-",  Nov.  2,  to  64-.6".  Dec.  3.  when  the  planet,  at  10^  p.  m.,  will 
be  in  conjunction  with  the  sun,  at  a  distance  of  onlj'  15'  from  the  sun's 
southern  limb.  The  phase  of  the  planet  decreases  in  the  same  time  from 
0.224  to  0.0(H).  On  Nov.  29,  at  1:30  p.  M..  Mercury  and  Venus  will  be  in 
conjunction.  Mercury  Ijeing  only  10'  north  of  Venus.  This  conjunction  will, 
however,  occur  so  close  to  the  sun  that  it  will  probably  be  impossible  to 
sec  either  of  the  planets. 

Afars  continues  to  set  at  about  the  same  time  each  evening,  in  the 
southwest.    His   progress  eastward  among  the  stars  is  ver>'  noticeable. 
He  will  pass  by  Jupiter  on  Nov.  13  at  5  p.  m.,  passing  59'  south  of  the  lat- 
ter.   The  diameter  of  Mars'  disk  is  now  so  small  and  his  altitude  so  low  in 
the  evening  that  no  satisfactory  views  of  his  surface  can  be  obtained. 

A  friend  sends  us  a  clipping  from  the  Washington  Evening  Star^  Oct.  11 
1890,  giving  an  interesting  note,  in  which  Professor  \V.  H.  Pickering  is 
represented  as  thinking  that  the  planet  Mars  is  dying.  He,  however,  says 
"It  is  all  a  hypothesis  after  all.  There  is  no  definite  proof.  We  know  that 
there  are  great  patches  of  white  in  the  polar  regions  of  the  planet  and  that 
they  increase  in  winter  and  diminish  in  summer.    This  fact  is  abundantly 
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confirmed  bj'  the  photographs  taken  by  the  Harvard  College  astronomers 
at  our  station  on  Mount  Wilson  in  Southern  California.  On  the  night  of 
the  10th  of  April  we  took  an  observation  and  on  the  succeeding  night 
another  one.  On  the  second  occasion  we  found  that  the  white  space  in  the 
southern  hemisphere  had  increased  twenty  during  the  four  hours  by  an 
area  nearly  as  large  as  the  United  States.  So  you  see  if  this  white  api)ear- 
ance  is  due  to  snow  there  must  have  been  a  tremendous  snow-storm  in 
Southern  Mars  on  the  lOth  of  April." 

In  this  connection  a  note  from  a  recent  letter  from  Mr.  Charles  Burck- 
halter, lof  Chabot  Observatory,  will  be  interesting.  He  gives  the  follovi'ing 
transcript  from  his  note  book:  **June  9th  observed  Mars,  and.  as  usual 
the  northern  snow  cap  appeared  the  lar;»er,  but  on  the  10th,  I  saw  at  a 
glance  that  the  southern  cap  was  twice  as  large  as  the  northern.'!  He  then 
put  down  more  for  amusement  than  anything  else  this  query:  **  Was  there 
a  great  snowstorm  at  the  south  pole  of  Mars  between  June  9  and  10, 
1890." 

Whether  we  may  interpret  the  white  appearance  of  the  poles  of  Mars 
as  due  to  the  presence  of  snow  or  of  clouds,  we  have  abundant  evidence  of 
great  and  sudden  changes  in  them.  The  fact  that  two  astronomers  widely 
separated,  interpret  similar  phenomena  in  the  same  way  shows  at  least 
that  their  interpretation  is  a  natural  one. 

Jupiter  is  moving  forward  again  through  the  constellation  Capricorn. 
The  procession  of  the  three  bright  planets  descending  toward  the  south- 
west horizon  in  the  early  evening,  has  been  a  noticeable  one  during  the  past 
month,  Venus  leading.  Mars  following  and  Jupiter  bringing  up  the  rear  in 
their  diurnal  motion.  Jupiter  will  catch  up  with  Mars,  or  rather  Mars  vnl\ 
catch  up  with  Jupiter  in  his  eastward  motion  on  Nov.  13.  It  will  help  our 
understanding  of  the  different  distances  of  celestial  bodies  apparently  close 
together,  to  know  that  the  distance  of  Mars  on  Nov.  13  will  be  about  119,. 
000,000  miles,  while  that  of  Jupiter,  in  almost  the  same  direction,  will  be 
486,000,000  miles. 

On  the  night  of  Sept.  8,  while  Mr.  Barnard  was  observing  Jupiter  with 
the  12-inch  equatorial  of  the  Lick  Observatory,  he  noticed  that  Satellite  I, 
in  transit  across  the  disc  of  the  planet,  appeared  to  be  double.  **  Upon  ap- 
plying high  i)owers  (500  and  700  diameters),  and  with  as  perfect  seeing  as 
we  have  ever  had  on  the  mountain,  the  satellite  distinctly  appeared  double, 
the  apparent  components  being  in  a  line  nearly  vertical  to  the  belts  of  Jupi- 
ter. A  line  of  light  was  occasionally  seen  separating  the  satellite  into  two 
nearly  equal  parts."  Mr.  Bumham  also  distinctly  saw  the  phenomenon 
of  duplicity.  Mr.  Barnard  says:  *' There  are  onl^'  two  explanations  of 
what  we  saw.  A  white  belt  on  the  sfitellite  parallel  to  the  belts  of  Jupiter, 
would,  perhaps,  satisfactorily  explain  the  phenomenon.  If  this  is  not  the 
explanation,  there  is  no  other  alternative  but  to  consider  the  satellite  actu- 
ally double.  Its  shadow  was  apparently  round.  The  satellite  was  exam- 
ined when  otT  the  planet  later,  but  the  images  were  too  indifferent  to  decide 
upon  nny thing.'' 

Saturn  may  l)e  observed  in  the  morning.  He  is  in  the  eastern  part  of 
the  constellation  of  Leo,  seen  toward  the  east  after  2  a.  m.  The  angle  of 
the  earth  from  the  plane  of  the  rings  is  now  only  3°  and  decreasing,  so  that 
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the  rings  are  seen  almost  edgewise,  and  therefore  indistinct.  We  give  this 
month  the  times  of  elongation  of  the  five  brighter  satellites  of  Saturn, 
which  can  be  seen  with  telescopes  of  moderate  power. 

Uranus  is  too  nearly'  in  line  with  the  sun  to  be  seen  during  this  month. 

Neptune  will  be  at  opposition  Xov.  27,  and  is  therefore  in  excellent  posi- 
tion for  observation.  He  is  at  nearly  20°  north  declination,  so  that  in  our 
latitude  he  reaches  a  verj-  high  meridian  altit&de.  He  may  be  found  in 
Taurus  almost  on  a  line  from  Aldebaran  to  the  Pleiades,  1°  west  and  45' 
north  of  the  fourth  magnitude  star  e  Tauri,  almost  exactly  north  of  the 
sixth  magnitude  star  which  follows  e  Tauri. 

Date.  R.  A.  Dccl. 

1890.  h      m  ^     ^' 

Nov.  25 16  25.4      —  22   53 

Dec.     5 17  32.9     -  25  17 

15 18  42.1     —  25  23 

Xov.  25 17  01.2     —2524 

Dec.     5 16  3S.0     —22  18 

15 16  18.2     —  19  08 

Xov.  25 21  08.8     —  18  00 

Dec.     5 21  38.1     -  15  31 

15 22  06.8     —  12  49 

Nov.  25 2040.4     —  19  08 

Dec.     5 20  47.4     —  18  41 

15 20  55.2     —  18  10 

Nov.  25 II  12.2    +705 

Dec.     5 II  14-2    4-    6  56 

15 "  >5-4     -f    6  51 

Nov. 25 13496     —  10  43 

Dec.    5 >3  5i-3     -  «o  53 

15 13  53-4     -  II  04 

Nov.  25 4  15.3    +  19  35 

Dec.     5 4  142    +  19  32 

15 4  13-0    +  19  29 

Nov.  20 15  44.5  —  19  49 

25 16  05.8  —  20  $2 

30 16  27.2  —  21  44 

Dec.    5 16  48.9  -  22  27 

10 17  10.8  —  22  58 

15 17  32.9     -  23  18 

Nov.  20 23  27.8  —    9  II 

25 3  529  4-  18  53 

30 8  33.9  -f  22  57 

Dec.     6 12  32.4  -}-    I  50 

II 16  53.0  —  22  32 

15 21  14.5  —  20  48 


MERCURY. 

Risen. 
h     m 

Transits, 
h       m 

Sets, 
h     m 

7  40  A.  M. 

8  21    •• 

8  52    *' 

12  06.9  p.  M. 
12   35.0      " 
I    03.5      *• 

4  33  P.  M. 

4  49     " 

5  "5     •* 

VEXIS. 

8   30  A.  M. 

7  II     *• 

5  57     '• 

12   42.7  P.  M. 
II    40.2      " 
10  41. 1      ** 

4   56  p.  M. 

4  09     ♦' 
3  25     •' 

MARS. 

12   00  M. 
II    39  A.  M. 
II    16      " 

4  49-4  P.  M. 
4  39.1     " 
4  28.5     " 

9  39  P.  M. 

9  39     ** 
9  40     " 

JiriTER. 

II    37  A.  M. 
II    02      '* 
10   28      ** 

4   20.7  p.  M. 

3  48.4     " 
3  16.7     *' 

9  05  P.  M. 

«35     ** 
8  05     ** 

SATURN. 

12    21   A.  M. 
II   43  P.  M. 
II    0$      ** 

6   54.5  A.  M. 

6  13.3     " 
5  35.1     '* 

I 

12 
12 

28  p.  M. 

44     " 
06     *' 

URANUS. 

4    II  A.  M. 

3  34    " 

2    58      *♦ 

9   31-6  A.  M. 
8  54.1     ** 
8  16.7     " 

2 
2 
I 

52  p.  M. 

14      '• 
36      " 

NEPTUNE. 

4  35  P.  M. 
3  54    " 
3  13     " 

II    54.8  p.  M. 
II    14.3      •• 

10  33-9     ** 

7 
6 

5 

15  A.  M. 

35     " 
54    " 

THE  SUN. 

7  05  A.  M. 
7    II      " 

7  16    •* 

7  23     " 

7  28    '* 

7  32     •• 

II  45-9  A.  M. 

II  47-3     " 
II  48.0     *' 

II  50.9     ** 

II  53.1     •* 

II  55.5     " 

4  27  A.  M. 
4  23      " 
4  20      *' 

4  19     '' 
4  19     " 
4   19     " 

THE   MOON. 

I    58  P.  M. 

4  04     '' 

7  55     " 

I    08  A.  M. 

6  53     - 
10  55     •• 

7   28.2  p.  M. 
II    32.8      " 

3  53-5  A.  M. 

7  31-5     " 
II  31.7     - 

3  37.0  p.  M. 

I    10  A.  M. 

7  13     " 
II  44     " 

I  45  P.  M. 

4  01     " 

8  26     ♦• 
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Phases  and  Aspects  of  the  Moon. 

Central  Time, 

d  h     in 

First  Quarter 1890  Nov.  19  6  45  a.m. 

Full  Moon •*         "       26  7  23     " 

Last  Quarter "      Dec.      4  7  27  a.  m. 

New  Moon "         '*      11  9  11p.m. 

Perigee "      Nov.   18  12  00  m. 

Apogee *•       Dec.      3  12  24-  a.  m. 

Perigee "  '*      14  6  36  p.m. 


Occultations  Visible  at  Washington. 

IMMERSION.         EMERSION. 

Star's          Magrni- 

Wash. 

Angle  f 'm     Wash. 

Angle  f'tn 

Dura- 

Date. 

Name. 

tudc. 

Mean  T. 

N.  P't.      Mean  T. 

N.P't. 

tiun. 

h    m 

°               h    m 

0 

h  m 

Nov.  1 8. 

..B.A.C.  7550 

6Mj 

832 

143               8  58 

185 

0  26 

28., 

..£  Geminorum 

3V^ 

II    19 

24               12   04 

3"7 

I  2S 

29. 

..H  Geminorum 

3V2 

H  35 

82               16  02 

297 

Dec.     I.. 

.B.A.C.  3206 

6V2 

12  40 

116               14  00 

272 

I  20 

2.. 

.77  Leonis 

3y2 

958 

53          JO  36 

329 

0  i^ 

Saturn's  Satellites. 

[Central  Time;  E  =  eastern  elongation;  1  =  inferior  conjunction;  W 
western  elongation  ;  S  =  superior  conjunction.] 

JAPETUS. 


Nov.  18 

Nov.  15 
19 
23 

Nov.  16 
20 
25 


6.2  A.  M.  E. 
6.2      "    I. 
6.2      •*    W. 


W.      Dec.     8 

TITAN. 

Nov.  27     6.1  A.  M.  S. 

Dec.     1     6.1     **     E. 

5     5.9     •*     I. 


S.        Dec.  28 


E. 


8.3  A.  M.  E. 
8.8  P.  M.  E. 
9.3  A.  m.  E. 


Nov.  16  5.6  A.  M.  E. 
17  11.2  p.m.  E. 
20  4.9  p.  m.  E. 
23  10.6  A.  M.  E. 


Nov 


15  7.2  P.  M.  E. 
17  4.6P.  M.  E. 
19  1.9P.  M.  E. 
21  11.2  a.  m.  E. 
23     8.5  A.  M.  E. 


Nov. 
Dec. 


Nov. 
Dec. 

Nov. 


Dec. 


RHEA. 

29  9.8  P. 
4  10.3  A. 
8  10.7  P. 

DIOXI£. 

26  4.3  A. 

28  10.1  p. 

1  3.8  p. 
4     9.5  A. 

TKTllVS. 

25     5.9  A. 

27  3.2  A. 

29  12.5  a. 

30  9.8  p. 

2  7.1  P, 


M.  x!r. 
M.  E. 
M.  E. 

M.  E. 
M.  E. 
M.  E. 
M.  E. 

M.  E. 
M.  E. 
M.  E. 
M.  E. 
M.  E. 


Dec.    9     5.7  A.  M.  W. 
13     5.5     '•     S. 


Dec.  13  11.1  A.  M.  E. 


Dec. 


Do 


c. 


7  3.2  A.  M.  E. 
9  8.9  P.  M.  E. 

12  2.6  p.  M.  E. 

15  8.3  a.  M.E. 

4  4.4  p.  M.  E. 

6  1.7  P.  M.  E. 

8  11.0  a.  m.  E. 
10  8.4  A.  m.  E. 
12  5.7  \.  M.  E. 
14  3.0  A.  M.  H. 


Central  Time. 

h.    m. 

Nov.  17 

5  03  P.  M. 

II.  Sh.  Eg. 

17 

6  02     '• 

I.  Oc.  Dis. 

18 

5  33     *' 

I.  Tr.  Eg. 

20 

5  23     " 

III.  vSh.  In. 

24 

5  12     '• 

11.  Tr.  Eg. 

25 

5  12     ** 

I.  Tr.  In. 

25 

6  23     •• 

I.  Sh.  In. 

26 

5  59     *• 

I.  Ec.  Re. 

Phenomena  of  Jupiter's  Satellites. 

Central  Time. 


Dec. 


1 
3 
3 
4 
11 
12 


h.  m 
5  00  P 


.  M. 


4 
4 
»5 
4 

4 


30 
37 

08 
45 

IS 


4% 


II.  Tr.  In. 

I.  Oc.  EHs. 
II.  Ec.  Ke. 

I.  Sh.  Eg. 

I.  Sh.  In. 

I,  Ec.  Ke. 
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Minima  of  Variable  Stars  of  the  Algol  Type. 

R.A.         Decl.         Central  Times  of  Minima. 

h   m     s  °      ' 

0  52  32  +  81  17  Nov.  17,    6  p.m.;  22,    6  p.m.;  27,    5  p.m. 

Dec.     2,    5  p.m.;     7,    4  p.m.;   12,    4  p.m. 
3  01  01  +  40  32  Nov.  17, 10  p.m.;  20,    7  p.m.;  Dec.7,midn 

Dec.   10,    9  p.m.;  13,    5  p.m. 
3  54*35  +  12  11  Nov.  15,  11  p.m.;  19,  9  p.m.;  23,  8  p.m. 

Nov.  57,    7  P.M.;  Dec.  7,  6  p.m.;  5,  5  p.m. 
R  Canis  Maj.  7  14  30  —  16  11  Nov.  23,    3  a.m.;  24.  6  a.m.;  Dec.  1,2  a.m. 

Dec.     2.    5  a.m.;  10,  4  a.m. 
S  Cancri  8  37  39  -f  19  26  Nov.  18,    1  a.m.;  Dec.  6,  midn. 


U  Cephci 

Algol 

ATauri 


Solar  prominences  for  September  1890.  Number  of  observations,  10 ; 
number  of  prominences,  36 ;  mean  number  of  prominences,  3.6 ;  highest 
prominence,  96"  (on  the  29th). 

Distribution  of  Promixbnxes  in*  Latitude. 

Between         E. 

0  and  -f  10° 
4- 10  and -f  20 
-f  20  and  +  30 
+  30  and  -\-  40 
4-  40  and  -f  50 
-t-  50  and  -|-  60 
4-  60  and  +  70 
-r  70  and  -f  80 
-f-  80  and  -j-  90 
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W.  Lirab. 
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0 

3 

0  and  —  10° 

5 

2 

0 

2 
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1 

0 

0 

2 

—  20  and  —  30 

2 

0 

0 

3 

—  30  and  —  40 

1 

1 

0 

0 

—  40  and  —  50 

0 

0 

0 

1 

—  50  and  —  60 

0 

0 

0 

0 

—  60  and  —  70 

0 

0 

0 

0 

—  70  and  —  80 

2 

(» 

3 

3 

—  80  and  —  90 

0 

5 

Camden  Observatory,  Oct.  1,  1890. 
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Smith  Observatory  Observations:  The  following  solar  observations 
were  made  with  telescojjes  unless  otherwise  stated.  They  were  taken  bj- 
Charles  E.  Peet : 


i^«o. 


i»*    '  I    ^i 

3   ^   ?' 

-,*'■  — 

9        X    I    ^ 


S«eiug. 


UemarlcH. 


1 

2*6 

• 

1 

1 
1 

Sept.  16 

1 

6:4.'>  p  m 

Bad. 

17 

2:05  p  m 

2    12 

0 

Fair. 

Gran,  fcood. 

IN 

5:20  p  m 

2    lU 

0 

'  Falr.^ 

20 

8:06  a  m 

1      8 

0 

Good. 

Grail.  Kood. 

21 

5:15  p  m 

0  i  0 

1 

Fair. 

Fac.  mottllngii  on  NE  limbH. 

22 

5:30  p  m 

0  :  0 

.  1 

Poor.^ 

2S 

1:25  p  m 

0      0 

2 

<iood.» 

24 

3        p  Dl 

0      0 

0 

Bad 

.Seeing?  too    poor  to    dlstlngnleh. 

2« 

2:35  p  m 

1    22 

0 
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Veil  aboat  3  of  the  upotH. 

27 

2:25  p  m 

1  .10 

0 

Had. 

28 

12:50  p  m 

1      » 

0 
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Gran,  prood. 

90 

2:50  p  m 

1      3 

0 

Bad. 

iSeeinfr  too  poor  to  distinffnish  mncb. 

Oct.     2 

2:3.'i  p  m 

1      2 

1 

Poor* 

Larwre  faculoas  regions  about  spotu. 

3 

1:25  p  m 

0      0 

I 

Fair* 

Gran.  largre. 

5 

3       p  in 

1  !  2 

0 

Bad.^ 

Glimpned  thro*  cloads  for  one  moment. 

6 

2:15  p  ni 

1  ,  2 

0 

Bad.* 

GlimpMed  throagh  clouds. 

7 

2:30  p  m 

1  ,  3 

1 

Good.* 

<rran.  wood. 

10 

3:45  p  m 

0      0  , 

0 

Bad.* 

Haxe  thick. 

12 

3:00  p  m 

0     0  ' 

0 

Fair. 

14 

1:20  p  m  j 

1      2 

0 

Bad 

Char.  A.  Bacon. 

*  Projectioo  on  20  cm.  circle. 
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Carkton  College  Sanapot  Obaerratioas.     Contiuaed  form  page  325.) 
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Ur.  Ditae.  on  Ibe  E.  larger  and  leM  btU- 

Fucalo!  SW. 

FacnlB  3W. 

30 

alio 

sun 

* 

J    " 

;; 

14 

i:WI 

a  ■■ 

:: 

K'i7£'.°"„XT'=  ■"'"""■ 

I 

s 

- 

f 

I :: 

\li: 

'J  gr.  ot  BiK>t8  near  E  limb.    One  gr.  nfj 
amaU  and  narronnded  bj  (ac. 

Tl 

!=:«. 

2.7 

1  - 

" 

o.."k:" 

Koreshan  Astronomy.  Under  this  title  in  the  September  Budget  (Cal- 
ifornia) will  l>c  fountl  one  of  the  most  remarkable  articles  of  the  present 
decade.  If  the  writer  has  survived  that  effort  he  aarely  will  never  foaailiie 
in  this  geological  stratum  of  hnman  knowledge.  He  is  embryonic  of  some- 
thing to  come,  nobodj  can  imagine  what. 
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COMET  NOTES. 


Epbemeris  of  Comet  c  1890  (Denning  July  23),  Prom  Dr.  Kmcger's 
elements  aa  given  in  A,  N,  Vol.  123,  p.  219,  I  have  compnted  the  following 
ephemeris. 

Although  this  comet  will  be  so  low  and  faint  by  Nov.  1,  that  it  pro- 
bably will  be  practically  out  of  reach  of  northern  observatories,  yet,  as  it 
is  possible  that  it  may  be  seen  in  the  southern  hemisphere.  I  subjoin  the  fol- 
lowing ephemeris. 

If  we  assume  its  light  on  Oct.  1  as  unity,  its  light  on  Nov.  1  will  be 
0.50  and  on  Nov.  30,  0.28. 

Epbemeris  of  Comet  c,  1890  (Denning  July  23.) 


Or.  M.  T. 

App.  R. 

A. 

App.  Dec. 

Log.  r. 

Log.  J. 

h 

m 

8 

o     / 

Nov.  1.5 

16 

38 

22 

—  34  11 

0.1414 

0.3165 

2.5 

39 

34 

34  43 

3.5 

40 

47 

35  14 

4.5 

42 

1 

35  46 

5.5 

43 

16 

36  16 

0.1494 

0.3282 

6.5 

44 

32 

36  46 

7.5 

45 

48 

37  16 

8.5 

47 

5 

37  46 

9.5 

48 

24 

38  15 

0.1579 

0.3391 

10.5 

49 

42 

38  44 

11.5 

51 

2 

39  12 

12.5 

52 

24 

39  41 

13.5 

53 

44 

40   9 

0.1667 

0.3491 

14.5 

55 

7 

40  37 

15.5 

56 

30 

41   4 

16.5 

57 

54 

41  32 

17.5 

16 

59 

18 

41  59 

0.1758 

0  3583 

18.5 

17 

0 

45 

42  26 

19.5 

2 

12 

42  52 

20.5 

3 

39 

43  19 

21.5 

5 

8 

43  45 

0.1851 

0.3667 

22.5 

6 

38 

44  11 

23.5 

8 

10 

44  37 

24.5 

9 

41 

45   2 

25.5 

11 

14 

45  28 

0.1946 

0.3743 

26.5 

12 

49 

45  53 

27.5 

14 

25 

46  18 

28.5 

16 

1 

46  44 

29.5 

17 

38 

47   8 

0.2042 

0.3813 

30.5 

17 

19 

16 

—  47  33 

0.  C. 

Wendell. 

Harvard  College  Observatory,  Oct.  11, 1890. 

» 

Comet  of  Barnard  (October  6,)  The  faint  comet  discovered  by  Barnard 
on  October  6,  is  undoubtedly  that  of  D 'Arrest.  A  hasty  comparison  of  his 
pomtion  with  that  of  an  ephemeris,  published  by  Leveau  in  Comptes  Ren- 
do*.  Tome  CX,  No.  3.  page  121,  gives  for  a  correction  to  the  computed 
]^ce  ^a  =  —  6".  6;  JS  =  —  1',  Cloudy  and  rainy  weather  has  prevented 
vt  from  getting  any  observations  at  the  Naval  Observatory. 

B.  FRISBY. 
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The  Re-discovery  ofD'ArresVs  Comet,  On  Oct.  6, 1  discovered  a  large 
faint  comet  in  Sagittarius  with  the  12-inch  equatorial.  From  the  first 
three  observations  Mr.  Schaeberle  computed  a  preliminary  orbit.  Upon 
comparing  this  orbit  with  those  of  the  catalogues  it  was  at  once  seen  thai 
the  object  was  the  long  searched  for  D' Arrest's  comet  which  had  been  given 
up  as  lost,  so  far  at  least,  as  this  return  was  concerned.  The  re-discovcnr 
of  this  comet  was  purely  in  the  line  of  original  search,  as  the  search  for 
D' Arrest's  had  been  given  up  as  hopeless,  like  that  of  Brorsen's.  The  identity 
with  D' Arrest's  comet  was  not  even  suspected  until  its  orbit  was  computed. 
The  accidental  discovery  of  this  comet  after  such  a  thorough  and  exhaus- 
tive search  for  it,  and  long  after  it  had  passed  its  most  favorable  position, 
brings  up  an  important  question  as  to  the  condition  of  its  light  for  the 
past  six  months.  It  has  become  very  much  brighter  since  my  first  observa- 
tion on  Oct.  6,  and  an  object  one-tenth  as  bright  could  be  easily  observed- 
The  position  of  the  comet  was  on  Oct.  15,  7**  7™  15*  Mt.  Hamilton  m.  t. 

a  app.  19^  49"»  52".9  8  app.  27°  33'  19" 

w^hich  gives  the  correction  —  0">.5  —  3'  to  M.  Leveau's  ephemeris  in  A.  S, 
2959.  E.  E.  Barnard,  Mt.  Hamilton,  Oct.  16,  1890. 


Comet  1890  II  {Brooks,  March  16).  This  comet  may  be  seen  in  the 
morning  about  two  hours  before  sunrise.  The  following  ephemeris  is  taken 
from  Astr.  Nach.  No.  2995. 
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12 
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11 

21 

25 
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11 

11 

28 

25 
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13 

11 

33 

25 
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15 

11 

35 

25 
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17 

11 

34 

25 

49.8 

0.4442 

0.5051 
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19 

11 

30 

25 
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21 

11 

22 

25 
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0.4493 

0.5019 
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23 

11 

11 

25 

53.7 

25 

10 

56 

25 

56.6 

0.4544 

0.4983 

0.40 

27 

10 

38 

26 

0.3 

29 

10 

16 

26 

4.8 

0.4594 

0.4943 

0.40 

Dec.      1 

9 

50 

26 

10.1 

3 

9 

19 

26 

16.2 

0.4644 

0.4899 

0.40 

5 

8 

43 

26 

23.1 

7 

8 

2 

26 

30.8 

0.4694 

0.4825 

0.40 

9 

7 

16 

26 

39.3 

11 

6 

25 

26 

48.6 

0.4744 

0.4803 

0.40 

13 

5 

29 

26 

58.7 

15 

13 

4 

27 

-f  27 

9.7 

0.4793 

0.4751 

0.40 

Stenwartc  Wien-Wiiliring 

1890  Sept.  22. 

Fn'edrich  Bidschof. 

Comet  1889  II  {Barnard).  Professor  E.  Millosevich,  at  the  Observa- 
tory at  Rome,  has  computed  the  elements  of  the  orbit  of  this  comet,  using 
all  the  published  observations  from  March  31  to  Nov.  21,  1889,  and  finds 
the  eccentricity  to  be  \evy  nearly  unity.  He  finds  that  these  elements 
satisfv  very  closely  the  observation  by  Mr.  Barnard  August  23,  1890, 
when  the  comet  had  reached  a  distance  of  5.054  times  the  earth*s  distance 
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from  the  sun  and  4.063  from  the  earth.    The  elements  referred  to  the  plane 

of  the  equator  are. 

T    =  1889  June  10.8098285  Berlin  M.  T. 
3r'   =    ll'^  34'  04.42") 
(s>'=224    21    06.95    V  Equator  1889.0 
r   =162    26    12.74    J 
log  q  =  0.3532083  q  =  2.25532 

e  =  0.999520S 


NOTES  AND  NEWS 


One  of  the  rough  discs  from  Jena  for  the  new  16-inch  telescope  for  Carle- 
ton  College  Observatory  has  been  received  by  Mr.  Brashear,  of  Allegheny. 
It  is  now  being  tested  by  himself  and  Dr.  Hastings  of  Yale  University. 


From  a  recent  private  letter  we  learn  that  Professor  C.  A.  Young,  of 
Princeton  is  to  have  a  new  powerful  spectroscope,  and  Mr.  Brashear  of  Al- 
legheny is  given  the  contract  for  its  construction. 


Lawrence  University  Observatory.  We  are  pleased  to  know  that  Law- 
rence University,  Appleton,  Wisconsin,  is  to  have  a  ne^  Astronomical  Olj- 
servatonk'.  In  Xoveml)er,  1889,  Professor  Underwood  of  that  institution 
undertook  the  work  of  securing  such  an  equipment,  consisting  of  the  fol- 
lowing instruments:  A  10-inch  Clark  equatorial,  4-inch  transit  circle,  side- 
real clock,  a  mean  time  clock,  chronograph  and  spectroscope.  The  business 
men  of  Appleton  have  given  the  building,  and  the  Methodist  people  of  the 
state  are  putting  in  the  instruments.  The  Observatory  will  be  ready  for 
use,  as  now  planned,  in  Sei)teml)er,  1891.  Professor  Underwood  is  to  l)c 
congratulated. 

Memoirs  of  the  Royal  Astronomical  Society.  Part  II,  Vol.  49  (1887- 
89)  of  the  Memoirs  of  the  Royal  Astronomical  Society'  is  received.  This 
part  contains  four  papers:  1.  A  discussion  of  Greenwich  observations  of 
north  polar  distance  with  reference  to  the  position  of  the  Ecliptic  and  an 
annual  variation  of  the  value  of  co-latitude,  bv  W.  G.  Thacken*.  2.  On 
the  belts  and  markings  of  Jupiter,  by  N.  E.  Green,  with  four  full  page 
plates  in  color.  3.  The  total  eclipse  of  the  sun,  1887,  Aug.  19,  by  Pro- 
fessor J.  Arai,  Director  of  the  Tokio  Observatory.  Japan,  with  one  plate, 
and  four  Photographs  and  drawings  of  the  sun  by  Rev.  S.  J.  Perry,  D. 
Sc.,  F.  R.  S.,  with  three  full  page  plates. 

We  have  from  time  to  time  made  full  reference  to  most  of  these  impor- 
tant papers  while  presenting  the  subjects  to  which  they  refer  in  recent  num- 
bers of  the  Messe.nger,  the  last  two  especiall3'.  The  plates  are  beautifully 
executed,  and  contain  an  amount  of  detail  shown  only  in  the  best  work 
of  the  kind.  At  the  close  of  this  part  is  found  a  complete  list  of  persons  to 
whom  the  medals  or  testmonials  of  the  society  have  l)een  adjudged.  The 
list  contains  the  names  of  78  i^ersons,  the  first  award  of  the  gold  medal 
beingmade  June  13,  1823,  to  Charles  Babbagc,  Esq.,  for  his  invention  of 
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an  eugine  for  computing  and  printing  mathematical  tables,  and^the  last 
was  adjudged  to  M.  Maurice  Loewy,  for  his  equatorial  Coud^,  hb 
method  of  determining  the  constant  of  aberration  and  his  other  astronom- 
ical researches. 


Variation  of  Latitude.  It  seems  to  be  well  settled  (see  A,  N,  No.  2993) 
that  the  latitude  of  places  varies  from  time  to  time,  by  small  amounts,  per 
haps  not  exceeding  half  a  second.  While  the  great  argument  for  such 
changes,  the  supposed  diminution  of  the  latitude  of  Greenwich  by  a  whole 
second  or  more  since  175j0,  has  been  entirely  confuted  by  Auwers*  new  re- 
duction of  Bradley,  it  is  now  known  that  the  latitude  of  four  or  five  sta- 
tions in  Germany  has  varied  somewhat  irregularly,  as  it  seems,  from  sea- 
son to  season,  of  the  same  year,  1889.  The  investigation  was  begun  on 
the  testimony  of  Kiistner's  observation  of  1884-5. 

The  article  just  quoted  confirms  the  original  observations  by  Pulcova 
determinations  of  the  same  year.  The  Pulcova  series  was  made  with  the 
great  vertical  circle  of  Ertel,  which  has  been  re-divided  by  the  Repsolds: 
and  the  probable  error  of  one  observation  of  the  Polar  star  (really,  I  be- 
lieve, four  complete  observations  are  made  every  time)  is  ±  0".136;  so  that 
it  has  l>ecn  quite  possible,  by  a  comparison  of  ten  such  "  observations  "  in 
the  fall  of  1^<84-.  with  3-tV2  smaller  ones  in  the  spring  of  1885.  to  deduce  a 
diminution  of  latitude  equal  to  -  0".33  ±  0".05.  Dr.  Kiistner  himself 
had  determined  at  Berlin  a  similar  diminution  ecjual  to  —  0".4-9  ±  0.03, 
but  with  an  additional  probable  error  of  nearly  O'M  owing  to  doubts  con- 
cerning the  constancy  of  observations;  as  he  employed  a  great  **  universal 
transit  "  used  as  a  zenith  telescope. 

Certain  practical  considerations  may  be  added.  The  Pulcova  vertical 
circle  is  an  instrument  (like  a  great  theodolite  or  alt-azimuth)  in  which  the 
zcro-j^oints  arc  determined  b}-  level-readings;  and  the  ** universal  transit," 
with  an  aperture  of  4.6  English  inches  has  a  prism  in  the  cube,  and  the 
eye-piece  in  the  axis.  So  that  the  prejudices  which  some  American  observ 
ers  cherish  against  the  level  and  the  "  broken  telescope,*'  as  means  of  the 
most  exact  observation  are  quiU  groimdless.  and  disappear  entirely*  when 
the  instruments  in  (juestion  arc  rightly  made  and  properly  handled. 

But  the  time  is  (juite  gone  by  when  rough  instrument  making  can  be 
tolerated.  T.  H.  s. 


The  Great  Forty-Inch  Lens.  In  a  recent  numl^er  of  the  Boston  Herald, 
is  found  an  interesting  account  of  an  exhibit  of  the  great  forty-inch  lens. 
by  tlie  Clarkes,  of  Canibridgeport,  Mass.  This  is  one  of  a  pair  of  lenses 
intended  for  the  great  telesco])e  to  be  i)laced  on  Wilson's  Peak  of  the  Sierra 
Madre  ran;^e  of  mountains,  distant  from  Los  Angeles  about  twelve  or 
fifteen  miles,  and  which  will  form  the  objective  of  the  new  equatorial  that 
will  be  the  i)rincipal  instrument  of  a  new  Observatory  for  the  University  of 
Southern  California.  This  large  lens  was  exhibited  to  a  party  of  friends  a 
few  weeks  ago,  an  account  of  which  has  already  apjx^ared  in  several  east- 
ern papers,  and  hence,  only  a  few  facts  about  the  lens  will  be  given  at  this 
time. 

The  diameter  of  the  glass  is  said  to  be  forty  inches,  two  and  one-half 
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inches  thick  at  the  center  and  one  and  one-half  inches  at  the  edge.  Its 
valne  as  a  rough  disc  is  not  given.  It  is  said  to  be  insured  for  large  sums 
of  money  in  two  of  the  leading  companies  of  Boston.  When  both  lenses  of 
the  objective  arc  completed  and  in  the  cell,  this  part  of  the  great  telescope 
will  probably  cost  about  $65,000.  In  the  article  above  referred  to,  it  is 
said  that  the  Clarkes  are  uncertain  yet  whether  they  will  grind  the  discs  at 
their  shop  in  Cambridgeport,  Mass.,  or  build  new  shops  near  Mount  Wil- 
son and  do  this  part  of  the  work  there.  It  is  mentioned  that  the  transpor- 
tation alone  of  the  Lick  object  glass  cost  $3,000.  This  course  may  be 
pursued  to  avoid  expense  and  additional  risk  in  transportation.  This  new 
telescope  is  to  have  a  photographic  lens,  in  all  probability,  though  that 
point,  as  far  as  we  know,  is  not  yet  part  of  the  contract.  If  this  telescope 
shall  be  completed,  as  indicated  in  this  report  and  others  previously  made, 
the  diameter  of  its  object-glass  will  be  four  inches  greater  than  that  of  the 
Lick  telescope,  and  it  will  have  a  focal  length  somewhere  between  56  and 
60  feet,  exactly  how  long,  the  Clarkes  will  not  know  till  the  lenses  are 
finished.  The  focal  length  of  the  Lick  telescope  is  57  feet.  The  observatory' 
floor  of  the  Lick  is  4,209  feet  above  sea  level.  The  height  of  Wilson's 
peak  is  said  to  be  6,000  feet  above  sea  level.  It  is  also  claimed  by  the 
friends  of  the  new  Observatory',  that  its  site  offers  siijKrior  advantages  to 
those  of  Mount  Hamilton  on  account  of  frecjucnt  fogs  that  roll  in  from  the 
Golden  Gate.  How  this  is  we  do  not  know,  but  it  would  seem,  from  a 
casual  view  of  the  sha])c  of  Wilson's  Peak,  that  much  and  great  unsteadi 
ness  of  air  mi^jht  be  cx|>cctcd  at  cither  day  or  night.  We  sincereh'  hope 
that  we  are  wrong  in  this  anticipation,  for  if  true,  it  would  prove  a  terri 
ble  drawback  to  continuous  work,  or  excellent  work  even  of  discontinuous 
kind. 

Publications  of  the  Leandcr  McCormick  Obscrvatorv.  Volume  I 
part  4-  of  the  Publications  of  the  Leander  McCormick  Observatory,  Univer- 
sity of  Virginia,  is  devoted  to  double-stars.  The  working  list  of  stars  in- 
cluded all  known  pairs  l^ctween  30^  and  0^  of  declination  which  were  less 
than  4"  of  distance  apart,  and  several  very  close  and  difficult  pairs  north 
of  the  equator  which  for  sixvial  reasons  needed  observation.  The  observers 
were  F.  P.  Leavenworth  and  Frank  Muller.  The  26-inch  efjuatorial  was 
used  with  eye-pieces  ranging  from  200  to  2,000.  It  is  noticed  that  in 
nearly'  all  the  observations,  a  right-angled  prism  was  placed  before  the 
eye-piece  by  revolving  which  the  double-stars  could  l:e  made  to  assume  any 
apparent  position-angle  desired.  In  getting  position-angles  the  stars  were 
made  to  bisect  the  space  l)etwcen  two  close  wires,  first  with  a  forward 
and  then  with  a  backward  rotation  of  the  micrometer-box.  the  observer 
being  careful  that  the  apparent  position-angle  was  zero  at  the  moment  of 
observation.  For  distance  lx»tween  components  the  usual  method  of 
measure  was  employed. 

The  observer  in  double-star  work  will  find  this  catalogue  a  useful  one 
both  in  regard  to  matter  and  method. 


On  the  Law  of  Attraction  of  the  Stellar  Systems  is  the  title  of  a  paper 
by  T.  J.  J.  See,  a  student  in  astronomy  at  the  Royal  Frederick  William  Uni- 
versity of  Berlin,  Germany.    This  pai)er  proposes  a  method  by  which  the 
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spectroscope  may  be  applied  rigorously  to  test  the  universality  of  the  law 
of  Newton.  We  have  not  the  space  to  present  the  steps  of  the  argument  of 
this  interesting  paper,  we  can  only  give  the  results  in  brief,  as  derived  by 
the  author,  an  American  student  of  prominence  in  higher  mathematical  re- 
searches. 

The  conclusion  from  an  astronomical  point  of  view,  is,  that  it  is  impos- 
sible to  conclude,  from  a  rigorous  example,  that  the  law  of  Newton  pre- 
sides over  the  movements  of  the  double-stars,  although  this  is  very  proba- 
ble. Professor  Hall's  view  on  this  point  is  quoted  in  the  following  words: 
"  Since  we  can  onl^'  observe  the  following  orbits  (double-stars)  and  the 
fact  that  they  descrilje  equal  areas  in  equal  times,  we  may  conclude  that 
the  force  is  central,  but  we  cannot  determine  the  law  of  this  force  as  in  the 
case  of  planetary  motions.  The  difficulty  arises  from  the  fact  that  the 
focus  of  the  real  orbit  is  not  generally  projected  upon  the  focus  of  the  appar- 
ent orbit  in  which  we  observe  the  equal  description  of  areas.  Our  inference 
of  Newton's  law  must  be  from  analogy."  Professor  Hall  further  says' 
•'The  theoretical  difficulty  in  proving  the  law  of  Newton  for  the  double- 
stars  can  not  be  overcome.  But  we  may  increase  the  probability  of  the 
existence  of  this  law,  by  determining  more  orbits  and  those  differently 
situated.  If  the  law  proves  satisfactory  in  all  cases,  we  shall  have  a  proba- 
bility of  its  universality  increasing  with  the  progress  of  astronomy." 

The  author  of  this  paper  after  fairly  stating  this  difficulty  in  the  case  of 
known  methods  of  proof,  proceeds  to  develop  his  method,  which  calls  for 
the  use  of  the  spectroscope,  which  he  claims,  proves  the  point  that  is  de- 
clared impossible  of  proof 

His  first  point  is  that  the  motion  in  double-star  orbits  is  planar.  Al- 
though there  are  many  laws  under  which  a  body  may  describe  a  conic,  of 
all  these  the  Newtonian  is  the  only  one  which  has  the  star  in  the  focus* 

**To  ascertain  whether  the  star  s\'stcms  obey  the  law  of  *  inverse 
squares,'  it  is  only  necessary  to  determine  the  inclination  of  the  orbit  upon 
the  line  of  sight,  for  this  will  enable  us  to  decide  whether  the  star  is  in  the 
real  focus  of  the  cllii)se,"  and  the  spectroscope  is  the  instrument  adapted  to 
this  kind  of  observation,  consequently  the  author  claims  that  method  (the 
details  of  which  are  not  here  given)  is  established  as  generally  a  competent 
one. 


The  Relations  of  Men  of  Science  to  the  Genera]  Public,  was  the  title  of 
the  address  of  T.  C.  Mcndenhall,  as  retiring  president  of  the  American  .As- 
sociation of  the  Advancement  of  Science,  at  its  annual  meeting  in  India- 
napolis for  the  3'ear  1890.    The  main  points  of  his  theme  were : 

1.  The  particulars  in  which  scientific  men  fail,  as  exponents  of  science 
among  their  fellows.  Under  this  head  is  named  with  proper  qualification, 
the  fact  that  such  men  are  sometimes  unable,  or  unwilling,  to  present  the 
results  of  their  labors  in  form  intelligible  to  intelligent  people. 

2.  Men  of  science  are  liable  to  fall  into  the  error  of  assuming  superior 
wisdom  as  regards  subjects  outside  the  lines  of  their  specialties. 

3.  Men  of  science  are  not  always  reasonably  free  from  egotism  in  mat- 
ters relating  to  their  specialties,  particularl3'  in  reference  to  authority  and 
attainments  in  the  same. 
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4.  Another  element  of  weakness  in  scientific  men,  is  that  they  are  often 
less  "practical"  in  their  work  than  they  should  be.  Sometimes  they  even 
despise  the  useful  and  practical  in  science,  and  their  dignity  is  disturbed 
when  an  honest  and  innocent  laj*man  asks  what  the  use  of  this  or  that 
discovery  is.  This  we  deem  one  of  the  most  important  points  of  the  ad- 
dress, because  the  fault  is  so  commonly  noticed  and  spoken  of  by  intelligent 
laymen.  We  have  ourselves  been  recently  ashamed  of  some  of  our  promi- 
nent scientific  men  for  grevious  errors  in   this  way. 

5.  The  last  point  of  the  paj^r  is  the  demand  which  the  public  may 
justly  make  upon  the  man  of  science,  that  his  interest  shall  not  be  less  in 
public  affairs  than  that  of  other  men.  The  pai)er  as  a  whole,  is  well  calcu- 
lated to  call  the  attention  of  scientific  men  generally  to  a  line  of  usefulness 
and  an  opportunity  for  good  not  duly  appreciated  heretofore. 


Photographic  Notes.  *'  Professor  Pickering,  basing  his  condusionn  on  a 
series  of  photographs  of  the  planet  Mars,  concludes  that  the  southern  tem- 
perate regions  of  Mars  have  just  experienced  an  irruption  of  Polar  ice.*' — 
Photographic  Times, 

Mrs.  M.  Fleming  is  constantly  increasing  the  number  of  known  varia- 
ble stars  through  the  careful  examination  of  the  Harvard  College  stellar 
photographs. 

**Dr.  J.  C.  Kapteyn,  in  the  course  of  his  measurements  of  the  photo- 
graphic plates  taken  at  the  Cape  Observatorj',  has  looked  carefully  for  any 
difference  of  photographic  magnitude  of  the  same  star  on  different  plates, 
which  might  indicate  variability',  ^ith  the  surprising  result  that  up  to  the 
present  he  has  found  nine  cases  of  possible  variability— in  one  of  which  the 
body  is  already  a  known  variable.  ...  It  is  interesting  to  compare  this 
result  with  that  announced  by  Mr.  Roberts  to  the  Royal  Society  on  1890, 
Jan.  23,  when  he  considered  that  at  least  ten  stars  in  a  single  photograph 
showed  signs  of  variability.  The  cases  are  not  strfctly  parallel,  for  Mr. 
Roberts  deals  with  much  fainter  stars,  and  those  in  a  position  of  the 
heavens  which  is  to  some  extent  sui  generis,  viz :  the  neighborhood  of  the 
Orion  nebula." — The  Observatory. 

Mr.  William  Huggins  and  Mrs.  Huggins  have  recently  published  two 
papers  of  photographic  interest.    These  papers  are,   Xott  on  the  Photo- 
graphic Spectrum  of  the  Great  Nebula  in  Orion  and  On  a  New  Group  of 
Lines  in  the  Photographic  Spectrum  of  Sirius. 


Rigel  and  the  Great  Nebula.  Students  in  astronomy  were  startled 
with  the  announcement,  not  long  ago,  that  probably  nearly  the  whole 
constellation  of  Orion,  would  prove  to  be  parts  of  one  immense  whirlpool 
nebula,  having  the  great  nebula  of  the  sword  as  the  most  prominent  center 
of  condensation.  In  an  article  written  by  Miss  A.  M.  Clerke,  the  leader  of 
the  October  Observatory y  several  facts  of  interest  concerning  the  relative 
positions  of  the  stars  and  the  nebulae  are  grouped  together,  some  of  which 
arc  the  following : 

1.  It  is  certain  that  stars  and  nebuls  co-exist  in  sidereal  space,  but  by 
no  means  is  it  certain  that  they  co-exist  indiscriminately  everywhere. 

2.  All  nebuls  with  which  exact  astronomical  acquaintance  has  3'et 
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been  made  are  sensibly  immobile,  unless  indeed  those  attached  to  the  stars 
of  the  Pleiades  rank  as  an  exception,  and  (it  ou;2^ht  to  be  said  in  addition) 
the  few  nebulae  which  have  been  observed  for  motions  in  line  of  sight. 

3.  The  nebular  relationship  of  the  star  Rigel  in  the  constellation  of 
Orion  is  quite  conclusive,  as  determined  by  the  studies  of  Father  Secchi, 
Dr.  Scheiner's  photographic  researches;  Herschel  suspected  it.  Dr.  Gill's 
parallax  offers  favorable  suggestions,  Dr.  Auwers*  studies,  also  of  proper 
motions,  while  Vogel's  spectroscopic  determinations  and  Pickering's  photo, 
graphic  work  all  offer  useful  contibutions  to  the  great  nebulous  system  of 
Orion. 

4.  What  is  the  motion  of  this  great  system  if  anything  like  uniform 
motion  exists  there?  The  spectroscope  must  be  appealed  to  for  a  careful 
and  thorough  examination  of  the  parts  of  the  system,  and  it  seems  that 
definite  and  prom|>t  answer  may  be  given  by  the  aid  of  this  instrument. 


Dark  Transit  of  Jupiter's  Third  Satellite.  September  2d,  7^  43",  90th 
M.  T.  I  turned  nn'  5- inch  telescope  with  power  of  120  upon  Jupiter  and  saw 
what  appeared  to  be  the  shadow  of  a  satellite  on  the  lower  belt  and  near 
the  center  of  the  disc  of  the  planet,  and  on  referring  to  the  ephemeris  I 
found  it  to  occupy  the  position  of  satellite  No.  3.  A  steady  look  showed  it 
to  be  a  jet  black  dot  which  I  was  unable  to  distinguish  by  appearance 
from  a  shadow.  On  applying  the  200  power  E.  P.  fifteen  minutes  later  the 
image  appeared  elongated  transversely  with  the  belts  (north  and  south). 

I  observed  it  closely  during  the  remainder  of  transit,  could  detect  no 
change  during  the  entire  time  until  within  eight  minutes  of  egress  when  the 
ink\'  black  l)ecame  less  intense.  On  the  satellite's  emerging  and  with  the 
dark  sky  background,  it  appeared  with  its  usual  brightness. 

Definition  fairh'  good. 
Lat.  +  38°  29',  Long.  85°  45'. 

Charlestown,  Ind.  Willis  L.  Barnes, 


Recent  Longitude  Determinations.  During  the  past  few  months  the 
longitudes  of  the  following  points  have  been  determined  by  the  telegraph 
method  by  the  V.  S.  Coast  and  Geodetic  Surve}*: 

Helena,  Montana. 
Bismarck,  Dakota. 
Minneapolis,  Minn. 
Salt  Lake  City,  previously  determined,  was  used  as  a  base. 
The  following  additional  points  are  now  l^eing  determined  from  Wash- 
ington, D.  C,  as  a  base: 

Augusta,  Georgia. 
Gainesville,  Florida. 
Jacksonville,  Texas. 
Assistant  C.  H.  Sinclair  of  this  service,  was  in  charge  of  the  party  ex- 
ecuting both  series  of  determinations.  T.  C.  M. 


Publications  of  Washburn  Observatory.  Parts  I  and  II  of  Volume 
VI  have  been  received.  Part  I  consists  of  observations  with  the 
Meridian  Circle  by  Alice  Maxwell  Lamb  and  Milton  Updcgraff,   assistants* 
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in  the  ObserrtLtoij,  of  a  liat  of  over  fift]r  stars.  Individual  observations 
are  gfv^a  for  both  co-ordinates.  The  purposes  for  which  this  list  was  ob 
served  were:  (!)  For  use  in  .determining  the  latitude  of  Wnshbum  Ob- 
servatory by  the  lenith  telescope;  (2)  Observalionsof  comparison  stars  of 
planet  181  EocAaris;  (3)  Observationsof  stars  of  a  refraction  list,  and  (4) 
Observations  of  zero  stars  from  the  Berlin  Jahrbuch. 

The  second  pert  consists  of  observations  of  double-stars  by  George  C. 
Comstock,  Director  of  the  Observatory.  In  the  introduction  to  this  part 
will  be  found  a  full  discussion  of  points  of  interest  pertaining  to  the  15^ 
inch  equatorial  by  Clark,  the  methods  of  observation,  and  the  star  places 
of  certain  star  catalogues  under  consideration.  This  catalogue  of  double- 
star  measures  covers  ninety  pages  in  which  individual  observations  of  dis- 
tance and  angle  are  given,  each  having  an  average  of  about  four  observa- 


Pol&ris  and  Companion.    In  accordance   with  the   suggestio 
Messenger   to  amateurs   to  keep 
watchof  thecompanionto  Polaris, 
1   have    made  a  few  observations    i 
during  the  past    week,    which    i 
clearly   seem    to   indicate   a   very    ' 
perceptible  change    in   briBhtncss,    , 
as  compared   with  neighboring 
stars.    The  comparison  stars  used 
are  shown  on  the  following  dia- 
gram.   The  stars  a  and   6  fire  on 
the  Durchmusterung  of  Argeland- 
er.     The  telescojie  employcti  is  a 
3'i  inch  achromatic.     I'owerB  ustd  were  30  and  TOO. 

My  notes  show  as  follows  (the  compa  nion  Uitig  indicated  by  v): 
li  m 

October  10       s       «  a  o  1- 

Octi.bcr  12        9        03  a  2  v  1  b 

Octol)er  IW        8        30  b  '2  v  1  c 

As  I  have  been  engaged  in  variable  star  obscrvntious  for  the  past  six 

years,  and  have  liecn  in  the  habit  of  estimating  in   tenths  of  magnitudes.  I 

do  not  tliink  that  the  alwive  dilTerences  can  be  entirely  due  to  the  errors  of 

order  fully  to  establish  the  supimsed  variability. 

-Madison.  X,J„  14  Oct..  In90.  '  John  H.  E.^nlE. 


Astronomical  Papers  prcpand  for  the  use  of  the  American  Ephemcris 
and  Xautical  Almaiwc.  Part  V  of  Vol.  II  is  a  discussion  of  observations 
ofthe  Transit  of  Venus  in  ITfil  ami  17C9.  by  Simon  Xewcomb.  The  second 
chapter  gives  the  observations  •>(  the  transit  of  Veims,  June  3-G.  1761,  fol- 
lowing the  order  <)f  Cncke's  list  of  stations  and  references,  as  given  in  the 
opening  jiart  of  each  of  his  works.  The  third  clin|itcr  presents  the  obsen-a- 
tions  of  the  transits  of  Vniu.s,  June  3,  186U.  n»  obtained  from  the  same 
sources  and  a  few  others  named.  The  fourth  chapter  discusses  the  geo- 
graphical  i«)sitions  of  the  stations,  the  fifth,  tabular  elements  to  be  cor- 
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reeled  by  observation ;  the  sixth,  tabular  summary  of  observations  and 
their  comparison  with  the  tabular  times;  seventh  for  formation  and  solution 
of  the  equations  of  condition,  and  the  eighth,  discussion  of  result.  The 
final  result  reached  for  the  equatorial  horizontal  parallax  is  8". 79 
±  0".051  or  ±  0".034;  the  first  error  being  mean,  and  the  second  probable. 

This  discussion  also  brings  out  a  correction  to  LeVerrier's  latitude  of 
Venus  at  descending  node  for  mean  of  1761  and  1769  of  -|-  1".915  and  a 
correction  to  LeVerrier's  longitude  of  node  for  1765.*^  of  +  32".4. 

The  first  chapter  of  this  paper  is  a  general  introduction,  in  which  its 
author  notices  the  changes  of  opinion  on  the  value  of  observations  made  on 
the  transits  of  Venus  in  1761  and  1769,  and  probabh'  the  wrong  tendency 
to  adopt  the  values  of  astronomical  constants  obtained  during  the  last  cen- 
tury instead  of  results  obtained  by  a  judiciously  weighted  mean  of  all  pre- 
vious determinations.  The  solar  parallax  affords  a  case  in  point.  In  1854 
Hansen's  value  by  the  parallactic  equation  of  the  moon  made  Encke's  value 
of  the  parallax  decidedly  too  small.  But  Hansen's  definitive  determina- 
tions in  1862-63  were  8". 91 6  and  Foucault's  from  the  velocity  of  light  was 
8". 86,  while  that  by  Stone  and  Winnecke  was  respectively  8". 943  and 
8".964'.  The  result  of  these, investigations  was  to  reject  Encke's  result 
entirelj',  whereas,  if  all'thcse  results  and  others  known  had  been  judiciously 
combined,  such  a  weighted  mean  would  have  been,  as  we  now  know,  much 
nearer  the  true  value.  For,  Professor  Newcomb  says,  it  would  have 
changed  the  final  result  of  his*  own  discussion  in  1J867  to  a  value  probably 
somewhere  between  8". 79  and  8". 82.  There  are  several  other  interesting 
points  in  this  discussion  that  deserve  notice  in  this  connection  but  space  at 
present  forbids. 


Orbit  of  Delta  Cygni  as  computed  by  J.  E.  Gore  gives  the  following 

elements. 

P  zrr  376. 6o9  vears  <i,  —  98°    4-0' 

T  =  1914.16  '  X    =  175°     7' 

e   =  0.327  a    =  2".39 

i    =41°  26'  //     -—-0.9957 

The  computed  position -angles  compare  well   with  the  observed   ones 

since  1783. 


President  Lewis  McLouth,  of  the  South  Dakota  Agricultural  College, 
has  decided  to  build  a  small  Observatory  for  that  institution.  He  is  now 
in  correspondence  concerning  the  instruments. 

Professor  Bacon,  of  Smith  Observatory,  Beloit  College,  has  been 
granted  a  short  leave  of  absence  on  account  of  ill  health. 


The  Photographic  Chart  of  the  Sky.  The  fifth  part  of  the  Bulletin  of 
the  Permanent  International  Committee  has  just  come  to  hand.  From  the 
announcement  of  the  President  of  the  Committee,  Admiral  Mouchez,  we 
learn  that  10,000  francs  have  been  donated  by  M.  Bischoffsheim,  for  the 
construction  of  apparatus  for  measuring  the  photographic  plates.  The 
next  meeting  of  the  committee  is  called  for  March  31,  1891,  at  the  Observ- 
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atory  of  Paris.  Most  of  the  Observatories  are  ready  to  begin  work,  and 
the  work  will  be  begun  immediately  after  the  meeting  of  the  committee  in 
March,  1891.  The  Bulletin  contains  papers  by  Messrs.  Holden,  Schaeberle, 
Lindemann,  Common,  Turner,  Christie,  Trepicd  and  Pickering,  and  corres- 
pondence between  different  members  of  the  committee. 


Of  late  we  have  had  a  number  of  inquiries  for  small  second-hand  tele- 
scopes. Those  wishing  to  sell  good  instruments  with  apertures  from  three 
to  six  inches  are  requested  to  inform  us  of  the  fact,  and  we  will  be  glad 
to  name  the  persons  desiring  such  instruments. 


Publications  of  the  Astronomical  Society  of  the  PaciGc,  Number  10  of 
Volume  II  comes  to  hand  just  as  we  go  to  press  with  the  last  form  of  this 
issue.  The  articles  of  this  number  are,  '*  Drawings  of  the  Moon,"  by  Prof- 
essor Weinek,  "The  Age  of  Periodic  Comets,"  by  Daniel  Kirkwood,  "Notes 
on  Astronomy  in  South  America;"  "Corrigenda  to  v.  Oppolzer*s  Lehrbuch 
zur  Bahnbestiramung  derKometenund  Planeten ;"  "  A  Suggestion  of  a  Way 
to  Forward  our  Knowledge  of  the  Asteroids;"  "On  Photographs  of  the 
Milky  Way  made  at  the  Lick  Observatory*  in  1889,  pp  E.  E.  Barnard.  Un- 
der the  head  of  Notices  from  the  Lick  Observatory'  the  following  appear: 

That  the  rotation  time  of  Venus  is  thought  to  be,  by  the  observations 
of  Schiaparelli,  224-.  7  days,  the  same  as  its  time  of  revolution  around  the 
sun. 

That  some  rather  singular  black  spots  are  observed  just  within  the 
north  edge  of  the  north  equatorial  band  of  Jupiter.  These  were  exactly 
like  the  shadows  of  the  satellites  for  which  thej'  were  first  mistaken.  One 
of  them  is  situated  near  the  red  spot. 

That  an  interesting  phenomena  of  bright  spots  projecting  l3e\*ond  the 
terminator  of  Mars  was  observed  by  the  aid  of  the  36-inch  refractor  on  the 
night  of  July  5  and  6. 

That  a  black  transit  of  the  IV  satellite  of  Jupiter  was  obsers-ed  Aug.  13, 
1890,  at  the  Lick  Observatory',  by  the  aid  of  the  12-inch  equatorial  by  E.  E. 
Barnard  and  J.  M.  Schaeberle.  It  appeared  black  and  perfectly  round.  It 
was  some  distance  preceding  two  of  the  singular  small  black  spots  on  the 
north  edge  of  the  equatorial  belt,  and  about  in  the  same  latitude.  The  sur- 
face of  Jupiter  rotating  faster  than  the  apparent  motion  of  the  satellite 
caused  the  small  black  spots  to  overtake  it,  and  the  preceding  of  the  two 
was  seen  to  catch  up  with,  and  pass  behind,  the  satellite,  and  finalh*  to 
emerge  on  the  preceding  side  of  it.  When  about  three-quarters  across  the 
disc  of  Jupiter  the  satellite  had  a  slightl3'  brownish  tinge  (reddish  black), 
but  later  this  slight  tinge  of  red  disappeared,  and  the  satellite  was  of  a  cold 
black  color.  The  most  singular  view  was  near  the  end  of  the  transit.  It 
became  smaller  as  it  approached  the  limb,  and  seemed  extended  slightly 
north  and  south.  It  did  not  appear  to  lose  its  blackness  as  much  as  it  did 
its  size.  Finally  it  was  a  ver^*  small  black  speck,  and  not  yet  in  contact 
with  the  limb.  A  little  later  a  small  portion  of  its  disc  was  seen  protruding 
beyond  the  edge  of  the  planet,  and  when  nearly  half  off  this  portion  did 
not  appear  round,  but  wedge-shaped.  As  the  satellite  emerged  that  part 
remaining  on  continued  black,  while  the  portion  off  the  disc  was  as  bright 
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as  tlic  adjacent  part  of  the  planet.  The  dark  part  seemed  to  be  left  bclitni), 
and  to  shrink  into  smaller  and  smaller  space  on  the  disc  of  the  satellite  aa  h 
emerged,  until  the  blackness  entirely  disai)peared.  When  futlv  off  the  rfi»t 
of  Jupiter,  the  satellite  appeared  small,  and  of  a  anifnrm  pale  OBby  tint. 
As  compared  with  Satellite  I,  which  was  near  it  and  preeediog,  it  vriis  ni>t 
over  one-fourth  as  large  na  that  satellite  in  diameter,  and  manjr  times  Irtf 

In  another  note  Professor  Holilen  olTcrs  the  suggestion  that  the  parnl* 
lax  of  nebalse  may  possibly  be  stndied  suocessfdiy  b;  tile  aid  of  photo- 
graphy.   The  suggestion  is,  by  snitabh  device  tlie  cxposuTT  lime  mnv  he  sr, 
reduced,  that  the  nebula  may  be  made  to  give  an  image  ujioa  i,vlii>.' 
ly  precise  measures  of  position  can  be  made.    Now  if  a  series  <•(  - 
tives  made  with  exactly  the  same  exposure  times,  were  continiR'! 
out  the  year,  it  is  lielieved  they  would  alTord  suitahle  data  for  l>i'-   '  _ 

utiun  of  parallax. 

We  arc  glad  to  notice  that  the  I.ick  Ohscrratory  has  recently  I: 
the  recipient  uf  a  gift  of  an  electric  lighting  plant  try  the  Edison  (^ 
Electris  Company,  of  Orange,  New  Jersey.  That  georrons  gift  was  g 
senled  September  +.  and  ctmsists  of  a  complete  plant  of  steam  engitte  ■ 
boiler,  dynamo,  belting,  main  wire,  controlling  wire  anrl  a  set  of  ttcii 
celb  in  dupHcatc— the  whole  as  a  free  gift. 


BOOK  NOTICES. 


The  Elements  of  Plane  and  Solid  Geometry,  with  Nnmerous  Esnmples.    Ily 
Edward  A.  Bowser,  LL.  D.  Professor  of  Mathematics  and  Enginrniiig 
in  Rutgers  College,  New  York.     D.  Van  Nostrand  Compttnv,  Publisbcn, 
23  Murray  and  27  Warren  Streets.    1890,  pp.  3a3. 
In  writing  this  book  the  author  has  aimed  to  combine  tbc  cxcella 
of  Euclid  with  those  of  tile  best  known  modern  writers.  retJiititng  itw  ■ 
logistic  form  of  demonstration,  but  re-arranging  the  order  of  matter  •■ 
what,  and  making  such  changes  in  the  demonstrations  ns  seemed  to  bin  to 
be  either  necessary  gr  desirable.    Teachers  of  e.tperience  know  that  Eodid's 
treatment  of  the  angle  is  deficient,  and  that  his  arrangement  of  propoaitions 
is  poor  because  of  a  lack  of  systematic  classification  of  iheinca  that  t 
logic  of  mathematical  thinking  ought  to  bring  out.    It  is  in  tbis  1i 
haps,  more  than"any  other,  that  modern  books  on  geometry  are  M 
meats  on  the  work  of  the  renowned  old  Greek  geometer :  and  tM»  ii 
a  contribution  in  the  same  direction.    In  Book  one  of  the  Plane  G 
the  first  proposition  is,  "  All  straight  angles  are  equal  to  one  another." 
first  reading  such  a  proposition  seems  novel,  and  scarcely  neeeeaary  to  tl 
completeness  or  integrity  of  the  course  desired,  and  yet  under  preceding  <l 
6nition  it  is  admissible. 

The  form  of  demonstration  emploj-ed  is  brief  and  compact  by  the  (m 
use  of  symbols,  end  the  exercises  that  follow  the  themes,  and  the  notes 
that  are  frequently  interspersed,  are  desirable  feattnes  in  this  text-book. 
The  matter  is  about  the  same  as  that  which  will  be  fomid  in  tnost  of  the 
good  text-books  on  the  same  subject.  The  whole  subject  is  divided  into 
nine  books,  the  Plane  Geometry  being  treated  of  in  the  first  (ire  {nttcad  of 
six  as  is  the  common  way. 
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Father  Perry,  F.  R.  S.,  The  Jesuit  Astronomer.  A  Sketch  of  his  Life,  Work 
and  Death  by  Aloysius  L.  Cortie,  &  J.  London.  The  Catholic  Truth 
Society,  Publishers,  21  Westminister  Bridge  Road,  S.  E.,  pp.  113.  Price 
One  Shflling. 

It  will  be  remembered  that  this  journal  gave  a  full  'page  frontispiece 
plate  of  the  late  Father  Perry  in  its  May  issue  which  also  contained  a 
brief  biographical  sketch  of  his  life, 

In  the  neat  little  book  before  us  a  much  fuller  account  of  his  life,  work 
and  death  is  to  be  found,  with  Dlustrations  of  such  phases  and  incidents  of 
his  work  as  would  naturally  interest  the  reader.  A  good  half-tone  plate  of 
Father  Perry  is  made  the  frontispiece,  then  follow  pictures  of  Stonyhurst 
College,  the  Observatory,  the  telescopes  used  for  solar  work,  enlarged 
sunspots,  maps  showing  the  places  visited  by  Father  Perry  in  his  scientific 
journeys,  lakes  to  the  south  of  Observatory  Bay,  a  group  of  natives  of  the 
S.  W.  of  Madagascar,  the  "  Coronagraph  *'  at  Sault,  with  Father  Perry, 
Capt.  Atkinson  and  Lieut.  Thierens  in  the  last  expedition,  and  a  full  page 
vie^  of  the  corona  of  sun  as  photographed  by  Father  Perry,  Dec.  22, 1889*. 

a  full,  app  ropriate  and  an  unpretentious  statement  o 
the  leading  facts  of  a  very  worthy  life.    It  is  a  book  for  the  genreral  libary . 


The  Pathway  of  the  Spirit.  A  Guide  to  Inspiration,  Illumination  and  Di- 
vine Realization  on  Earth,  bv  John  Hamlin  Dewev,  M.  D.  New  York : 
Publishers,  Frank  F.  Lovell  &  Co.,  142  and  144  Worth  Street,  pp.  300. 
Cloth,  gilt,  $1.25. 

This  book  is  the  second  by  the  same  author  in  a  series  called  **  Christian 
Theosophy  Series,"  the  first  being  **  The  Way,  the  Truth  and  the  Life."  In 
presenting  the  theme,  *'The  Pathway  of  the  Spirit,"  the  author  divides  it 
nto  two  parts:  (1)  Immediate  inspiration  and  knowledge  of  God,  the  su- 
preme necessity  and  universal  possibility  of  man.  (2)  Inspiration  and  di- 
\'ine  illumination :  their  special  nature  and  distinguishing  characteristics. 
To  establish  the  first  point  the  author  shows  the  necessity  of  God-knowl- 
edge; that  moral  sense  is  rooted  in  divinity  and  is  not  expediency,  that 
man  must  have  direct  intercourse  with  God,  that  the  Kingdom  of  God  is 
the  Kingdom  of  truth  and  righteousness,  and  that  truth  pertains  to  a 
knowledge  of  all  things,  and  of  our  relations  to  them,  spiritual  and  physic- 
al ;  and  that  righteousness  is  the  right  use  of  this  knowledge  and  of  our 
powers  in  its  pursuit,  and  that  the  throne  of  power  and  government  is 
within  and  yet  above  the  soul ;  that  Adam  and  Christ  are  representative 
types  of  character  and  both  possible  to  man,  Adam  presenting  the  natural 
man  subject  to  temptations  of  the  sensuous  life,  and  Christ  the  spiritual 
man  in  unity] with  the  father,  and  that  the  best  in  both  are  possible  to  man 
in  this  life,  on  earth,  if  he  will  overcome  on  the  one  side,  and  win  and  pos- 
sess that  which  is  offered  and  within  reach  on  the  other.  In  speaking  of 
•'the  fall,"  we  notice  that  the  author  treats  the  Garden  of  Eden  as  a  story 
for  the  illustration  of  truth,  and  not  as  a  historical  fact,  and  that  under  the 
head  of  '*  Revelation  opens  equally  to  aU,"  he  holds  that  authority  is  not  in 
the  book  we  call  the  Bible,  though  it  contains  never  so  much  of  truth  in  ex- 
ternal statement,  but  in  the  unwritten  word  of  God,  in  the  soul  that  recog- 
nizes and  receives  it."  That  probably  means  that  the  author  does  not  be- 
lieve in  plenary  inspiration.    Professedly  the  author  is  not  a  materialist 
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nor  a  pantheist.  He  is  a  theist  and  a  believer  in  Christ.  Under  the  para- 
graph entitled,  **The  Key  to  Missionary  Success/'  the  statement  is  made 
that  '*  the  appeal  must  be  made  directly  to  the  authority  and  word  of  God 
in  each  soul,"  and  that,  in  using  the  scripture,  the  lives  of  inspired  men  and 
the  words  of  inspired  men  recorded  in  all  true  scripture,  should  be  pointed 
to  for  example,  instruction  and  encouragement  in  the  way  of  life,  not  as  ar- 
bitrary authority. 

As  a  whole,  the  first  part  of  this  book  is  a  discriminating  and  generally 
a  careful  statement  of  the  leading  facts  about  immediate  inspiration  and 
knowledge  of  God,  and  the  supreme  necessity  and  universal  possibility  of 
man  in  a  general  sense,  but  little,  scarcely  anything,  is  said  about  sin 
and  its  direful  consequences.  The  motive  of  love  in  this  higher  life  is,  of 
course,  the  greater  one,  but  the  dreadful  fact  of  the  ruin  of  sin  in  this  world 
is  left  wholly  out  of  sight  as  a  motive,  or  a  factor  in  operation.  The  Bible 
is  ver3'  explicit  on  this  point  as  well  as  the  other. 

When  we  come  to  carefully  read  the  second  part  of  this  book  concerning: 
the  nature  and  distinguishing  characteristics  of  inspiration  and  divine  illu- 
mination, we  find  considerable  food  for  thought.  What  is  said  of  mind 
cure,  physical  healing.  Christian  science,  white  magic,  etc.,  is  doubtless  true 
but  we  are  not  sure  that  evil  is  but  the  perversion  of  good,  and  therefore 
has  a  beginning  and  an  end.  Nor  do  we  l>elievc  that  Ijecausc  **love  and 
goodness"  exist,  universal  redemption  is  assured ;  nor  that  *'  Our  Father  in 
Heaven,"  in  the  Lord's  Prayer,  is  thought  of  by  the  lost  now,  or  ever  wil^ 
l)e,  as  a  meaningless  "character."  Does  hot  the  truth  rather  lie  in  the  faei 
that  the  lost  will  call  on  the  rocks  to  fall  on  them  and  hide  them  from  the 
wrath  of  the  Lamb.  The  Devil  is  not  the  dark  shadow  of  the  Lord's  glor- 
ious presence,  neither  is  the  cr^'  of  Dives  for  mercy  an  unfinished  prayer  rari- 
fied  to  infinitesimal  tenuity  by  the  possibilities  of  a  second  probation.  It 
also  seems  that  the  author's  ideas  of  evolution  are  of  such  a  harmless  kind 
that  they  do  not  give  much  complexion  really  to  his  belief  in  and  state- 
ments of  the  new  theology  to  differentiate  it  from  the  old  doctrine.  Of 
course  nothing  is  longer  said  by  the  new  school  people,  on  spontaneous 
generation,  nor  \cry  much  about  the  origin  of  species.  The  searching  tests 
of  the  truth  in  the  last  few  years  are  reducing  these  theories  to  proper  level 
and  expunging  all  mischievous  errors.  We  do  not  undervalue  this  book  by 
these  references.  It  has  much  truth  in  it,  and  an  inspiration  for  the  reader 
that  he  will  probably  never  forget.  The  stimulus  is  worthy  and  wholesome 
and  its  spirit  is  progressive  and  uplifting. 


Imperial  Observatory  at  Rio  Janeiro,  Brazil.  Tome  IV,  parts  1  and  2 
of  the  Annes  do  Imperial  Observatorio  do  Rio  de  Janeiro  have  Ijeen  received. 
The  first  part  is  a  neatly  printed  quarto  volume  of  123  pages,  containing 
an  extended  introductory  ])aper  on  the  distribution  of  the  group  of  planet- 
oids between  Mars  and  JujMter.  This  paper  is  by  E.  Liais  and  L.  Cruls  and 
is  accompanied  !)y  a  full  page  plate,  showing,  in  colors,  groups  of  orbits  of 
nodal  points.  Then  follows  a  discussion  of  the  observations  of  the  transit 
of  Mercury  on  May  6,  1878,  the  transit  of  Venus,  6  Dec.,  1882,  and  a  list 
of  measures  of  double  stars.  The  second  part  is  devoted  to  meteorological 
records  from  1883  to  1885  inqlusive,  and  is  a  large  volume  of  406  pages. 
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Director  of  Carleton  College  Observatory,  Northfield,  Minn. 

Vol.  9,  No.  10.        DECEMBER,  1890.  Whol^  No.  90 


ON  THE  PROPER  USE  OF  A  HANGING  LEVEL  ATTACHED  TO  A 

PORTABLE  TRANSIT. 


T.  H.  SAFPORD. 
For  Thb  Mbssbxobr. 


It  is  now  thought,  by  the  best  instrument  makers,  that  a 
portable  transit  should  have  a  reversing  apparatus  and  a 
hanging  level.  The  two  features  (in  connection)  fully  make 
up  for  their  weight  and  complexity  by  the  smaller  dimen- 
sions which  can  be  given  the  whole  instrument  without  sac- 
rifice of  accuracy ;  so  that,  as  I  have  had  occasion  to  notice, 
a  small  instrument  thus  constructed  gives  more  accurate 
results  than  a  larger  one  made  with  less  intelligence. 

But  the  hanging  level  should  never  be  reversed  by  hand 
while  astronomical  observations  are  going  on.  The  strid- 
ing level,  or  any  level,  loses  greatly  in  effectiveness  when  it  is 
much  handled ;  the  change  of  temperature  caused  by  the 
contact  with  the  hands,  and  the  slight  jar  which  it  receives 
when  it  is  set  down,  are  enough  to  alter  the  zero-point ;  and 
the  results  of  experience  show  that  this  changes  quite  slowly 
and  continuously  when  the  level  is  undisturbed. 

If,  on  the  other  hand,  the  reversing  apparatus  performs 
its  work  perfectly  it  will  let  the  level  down,  along  with  the 
pivots,  far  more  easily  and  smoothly  than  can  be  accom- 
plished by  the  observer's  hands ;  at  any  rate  as  carefully  as 
the  instrument  itself  is  set  down. 

Professor  DoUen,  of  Pulcova,  a  very  thorough  investi- 
gator of  portable  instruments  (he  has  trained  in  their  use 
many  Russian  geographers)  has  studied  this  question  with 
great  care.  His  paper,  published  in  1874,  seems  to  be  very 
scarce ;  I  have  tried  in  fact  without  success  to  buy  it,  and 
will  therefore  give  an  abstract  of  its  results,  so  far  as  they  re- 
late to  the  use  of  the  level,  from  a  borrowed  copy.    He  made 
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an  extensive  series  of  levelings  both  ways;  first  by  revcrj' 
iug  the  level  between  the  two  readings  of  each  pair,  and  lift- 
ing it  between  the  pairs;  and  secondly  by  reversing  the 
instrument  (level  and  all)  with  the  apparatus  between  the 
two  readings  of  each  pair  and  reversing  the  level  on  the 
pivots  only  once  for  about  30  readings. 

Bj'  the  first  method  he  obtains  directly  the  difference  of 
level  of  the  tops  of  the  two  pivots,  as  astronomers  most 
commonly  do.  By  the  second  method  the  pivots  themsclrc« 
are  joined  with  the  legs  of  the  level,  and  the  direct  result  is 
the  difference  of  level  of  the  points  on  the  Ys  where  the 
pivots  rest,  or  that  of  the  bottoms  of  the  pivots. 

In  the  first  case  the  difference  (if  any)  of  the  diameters  of 
the  pivots  appears  in  the  differences  of  level,  but  not  in  tlic 
zero-points  of  the  level  itself,  for  the  latter  values  are  inde- 
pendent of  the  absolute  difference  of  level  of  the  points 
where  the  level  is  supported.  In  the  second  case  there  is  no 
difference  of  level  of  the  instrument  caused  by  the  reversal, 
for  the  frame  is  fixed,  and  the  points  determined  are  on  the 
frame.  But  as  the  level  goes  with  the  pivots,  any  difference 
between  these  would  be  added  to  any  difference  in  length  of 
the  arms  (or  legs)  of  the  level  and  so  affect  its  zero-points. 
In  order  to  eliminate  this  the  level  may  be  reversed  by  band 
on  the  pivots,  but  from  time  to  time  only,  and  with  great 
care;  and  never  in  connection  with  astronomical  obscrra- 
tions. 

When,  for  instance,  arrangements  have  been  made  for  a 
telegraphic  longitude  compaign,  it  is  very  wasteful  of  labor 
to  combine  any  needless  investigation  of  the  instrnment 
with  the  evening's  work  upon  the  stars.  The  difference  of 
diameter  of  the  pivots  can  be  determined  on  any  half-hour 
of  a  rainy  day,  and  with  a  good  level  and  good  reversing 
apparatus,  almost  by  any  student  and  certainly  by  any- 
body fit  to  be  a  recorder.  And  this  determination  can  be 
repeated  half  a  dozen  times  while  other  preparations  are 
going  on.  But,  with  a  known  difference  of  pivots,  any 
reversal  of  the  instrument  gives  an  accurate  level-zero ;  and 
it  is  a  very  simple  thing  to  reverse  the  instrument  and  deter- 
mine this  zero  even  while  one  is  waiting  for  star  work  I 
begin  or  for  a  telegraph  operator  to  make  himself  heari 
the  other  station. 
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But,  while  the  stars  are  passing,  it  is  an  additional  need- 
less strain  upon  the  nerves  to  reverse  the  level  by  hand.  It 
is  illogical,  as  one  great  reason  for  using  a  reversing  appa- 
ratus at  all  (with  a  light  instrument)  is  to  reverse  the  level 
along  with  the  transit. 

The  following  is  a  series  of  observations  of  the  difference 
of  diameter  of  the  pivots  of  our  small  portable  transit  by 
Wanschaff.  It  has  a  2-inch  aperture,  a  "  broken  "  telescope,  a 
hanging  level,  and  reverses  with  the  help  of  an  eccentric 
(not  a  gearing,  as  in  the  Russian  transits)  in  a  very  few 
seconds.  The  observations  were  made  on  separate  days 
during  the  last  term  of  1889-90,  mostly  in  connection  with 
students.  The  first  seven  determinations  comprised  sixteen 
readings,  the  last  eight  each ;  these  latter  were  given  half 
weight : 

Date.  Lamp  Pivot 

Thicker  by 


March  27 

0".75 

31 

0  .80 

April  22 

0  .76 

22 

1  .35  (Another  obi 

25 

1   .14 

May     2 

1    .16 

5 

1   .04 

June  23 

1  .98  Half  weight 

27 

1   .19 

28 

0  .99 

Mean  (wt  SYt)  1".07  ±  0".067 

Probable  error  of  one  determination  (wt  :=  1)  ±  0".19  by  series  of 
errors,  ±  0".20  by  series  of  squares. 

Now,  as  the  correction  to  be  applied  to  the  observed  level 
is  only  one-fourth  this  amount,  it  will  be  seen  that  these  ten 
determinations  give  the  correction : 

0''.27  ±  0''.017 
surely  accurate  enough. 

It  is,  however,  extremely  difficult  to  observe  the  level  as 
accurately  in  the  night  as  was  done  in  these  daylight  obser- 
vations. Why  it  is  so  I  do  not  know ;  but  there  are  several 
causes  which  may  affect  the  matter.  First,  the  daylight 
work  was  usually  done  on  cloudy,  even  rainy,  weather, 
when  out  door  work  with  instruments  was  impracticable. 
Hence  the  temperature  was  unusually  even,  and  the  shutters 
being  closed,  no  draughts  affected  the  level.  Moreover,  as 
nothing  was  then  to  be  done  except  make  these  pivot  meas- 
urements, they  were  very  leisurely  made  and  carefully  timed. 
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But,  as  a  result,  it  is  verj-  clear  that  the  trifling  differenK 
of  pivots,  whose  effect  on  one-sidcd  time  determination  is 
only  0",27  sec.?  (or  for  Williamstown,  after  reduction  to 
time,  only  0'.025)  can  readily  be  applied  to  level-readings 
when  the  level  and  instrument  arc  reversed  together,  and 
without  any  loss  of  accuracy ;  so  that  the  observer  will 
gain  greatly  in  peace  of  mind,  if  not  in  anything  else,  if  be 
keep  his  hands  off  bis  level  during  a  time-deterraination- 
But  for  this  he  must  have  a  level  which  does  not  need  to  be 
taken  off  when  the  telescope  passes  the  zenith.  There  are 
two  such  constructions:  the  telescope  in  the  first  is  straight 
but  the  level  arms  long  enough  to  allow  the  eye-piece  to 
pass;  in  the  second,  as  in  the  WilHamstown  (and  Cam- 
bridge) transits  the  telescope  is  "broken,"  Most  young  ob- 
sen-ers  are  apt  to  burn,-;  not  to  lose  stars  they  think  impor- 
tant. The  Russians,  who  have  nearly  perfected  the  practi- 
cal astronomy  of  portable  instruments,  adopt  the  opposite 
course.  They  make  their  working  lists  with  extreme  care, 
using  a  few  stars  only,  and  allowing  time  enough  between 
thera  for  the  most  deliberate  judgment  as  to  every  point 
observed;  but  in  this  way  the  observers'  nerves  are  kept 
in  the  quietest  and  best  condition,  and  the  observations  ape 
not  apt  to  be  unexpectedly  and  abnormally  discrepant. 

Let  me  give  a  programme  made  up  on  these  principles.  1 
propose  to  determine  time  about  23''  35'"  of  sidereal  time, 
using  r  Cephei  as  a  polar,  and  reversing  upon  it.  1  will 
allow  about  12  minutes  for  it— from  23''  29'"  to  23"  < 
and  precede  it  by  two  stars,  and  follow  it  by  two  mon 

The  programme  will  then  be: 

23^  12™  Read  Level  at  Zenith. 

13  Reverse  Instrument. 

15  Read  Level. 

19  V  Pegasi—Read  Level. 

23  70  Pcgasi— Read  Level. 

27  Set  on  y  Cephd— Read  Levd. 

29  y  Cephej,  4  wires — Read  Level. 

34  Reverse  Instrument. 

35  Set  on  ;-  Cephei— Read  Level. 
37  y  Cephei,  4  wires — Read  L«vd- 
47  (p  Pegasi— Read  Level. 
52  Til  Pegasi— Read  Level. 
5fl  ReadLevel  at  Zenith. 
37  Reverse  Instrument. 
59  Read  Level. 
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or,  in  all,  48  minutes  for  six  observations ;  counting  the 
polar  in  reversed  positions  as  two  observations.  We 
have  now  three  reversals  of  the  instrument  which  certainly 
take  no  more  time  than  so  many  reversals  of  the  level  alone; 
twelve  level  readings  each  of  which  can  be  accomplished  in  a 
few  seconds ;  and  there  is  no  need  of  waiting  for  the  level  to 
settle  after  reversal  during  the  time  observations ;  the  first 
reversal  takes  place  while  the  observer  is  getting  his  tools 
into  order  for  work ;  the  second  while  the  polar  is  passing, 
and  the  third  while  he  is  closing  up  or  resting  at  the  end  of 
the  g^oup. 

Now  in  DoUen's  series  of  levellings,  before  mentioned,  the 
difference  in  accuracy  of  the  two  methods  is  altogether  in 
favor  of  reversing  the  level  with  the  instrument,  and  not 
without.  It  is  true  the  probable  error  in  either  case  is  very 
small,  so  that  practically  there  is  but  little  difference;  but 
two  complete  levellings  or  four  scale  readings,  when  the  in- 
strument is  reversed,  are  full  as  good  as  twice  as  many  by 
the  ordinary  method ;  what  really  is  of  importance  is  the 
saving  of  time  and  nervous  strength  by  avoiding  the  re- 
versals of  the  level  by  hand. 

I  will  conclude  by  adding  a  brief  statement  of  the  views 
here  presented. 

1.  Every  portable  transit,  large  enough  to  have  a  revers- 
ing apparatus,  should  have  a  hanging  level. 

2.  This  level  should  have  arms  long  enough  to  clear  the 
eye-piece  in  passing  the  zenith. 

3.  It  should  never  be  reversed  by  hand  during  astronomi- 
cal observations,  but  turn  always  with  the  Instrument. 

4.  The  difference  of  pivots  should  be  obtained  by  special 
operations,  with  closed  shutters,  in  cloudy  and  rainy 
weather. 

The  title  of  DoUen's  paper  to  which  I  have  referred  is : 
"Die   Zeitbestimmung  vermittelst  der   tragbaren  Durch- 
gangs  instrument  im  Verticale  der  Polarsterns."    St.  Peters- 
burg, 1874. 
Williams  College  Observatory,  October  29, 1890. 
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THE  RADIANT  POINTS  OF  METEORS. 


W.  F.  DENNING. 
For  The  Mbssrkoer. 

Mr.  W.  H.  S.  Monck,  in  essaying  to  discuss  my  catalogue 
of  meteoric  radiant  points,  assumes  a  position  which  the 
extent  of  his  experience  does  not  qualify  him  to  fill.  He  en- 
tirely lacks  a  practical  knowledge  of  the  subject.  The  result 
is  that  his  deductions  are  wrong  and  his  statements  mislead- 
ing. Mr.  Monck  says  that  I  "seldom  if  ever,  watched 
through  an  entire  night,"  whereas,  in  point  of  fact,  I  have 
made  observations  during  hundreds  of  entire  nights !  For 
this  and  other  misstatements  your  correspondent  has  no 
authority  whatever,  and  I  am  surprised  that  his  desire  for 
notoriety  has  so  obviously  out-weighed  his  discretion. 

Mr.  Monck  has  questioned  my  conclusions  by  writing  to 
Nature,  The  Observatory,  The  English  Mechanic,  and  has 
privately  published  a  pamphlet  in  which  his  adverse  criti- 
cism is  reiterated.  In  some  of  these  writings  he  shifts  his 
position;  finds  that  his  ideas  cannot  be  ** maintained  any 
longer,''  and  is  evidently  himself  perplexed  as  to  what  he 
does  and  does  not  believe.  One  thing,  however,  has  clearly 
exercised  a  paramount  influence  over  him,  and  that  is  the 
desire  to  give  the  world  the  benefit  of  his  opinions  on  a 
matter  which  he  has  never  studied  in  its  practical  bearings. 

With  reference  to  the  shifting  radiant  point  of  the  Perseids 
your  readers  maj*^  accept  it  once  and  for  eiU,  as  a  fact  con- 
vincingly proved  by  adequate  observation.  I  have  w^atched 
this  fine  shower  at  its  annual  returns  since  1867,  and  the 
easterlv  motion  of  the  radiant  is  one  of  the  most  certain 
features  I  have  ever  noticed  respecting  it.  Mr.  Booth,  an 
able  meteoric  observer  of  Leeds,  has  partly  confirmed  my 
results;  and  when  further  observations  are  accumulated  I 
have  the  greatest  confidence  that  the  peculiarity  I  discovered 
in  1877  will  be  fully  verified  and  universally  accepted  as  one 
of  the  demonstrated  facts  of  astronomy. 

Mr.  Monck  in  drawing  his  inferences  has  simply  had  the 
published  figures  to  work  upon.  He  does  not  appear  to 
have  considered  the  relative  strength  of  the  various  showers, 
nor  could  he  know  the  degree  of  accuracy  of  the  individual 
radiant  points.    And  there  are  many  other  features  which. 


The  Radiant  Points  of  Meteors.  439 

though  familiar  to  the  observer,  and  by  him  given  their 
proper  weight,  are  not  apparent  in  the  tabulated  results — 
though  such  details  must  aid  him  materially  in  discriminat- 
ing aright,  they  are  yet  beyond  the  cognisance  of  the  mere 
critic  who  has  nothing  but  a  superficial  knowledge  which  is 
not  much  good  to  him,  for  the  facts  are  very  complicated 
and  easily  liable  to  misconception.  It  is  only  a  thor- 
oughly practical  acquaintance  with  meteors  derived  from 
many  years  of  close  observation  that  can  enable  a  man  to 
arrange  and  group  the  radiant  points  in  a  satisfactorv  and 
reliable  manner. 

I  think  Mr.  Monck  is  indiscreet  in  subjecting  observers  to 
harassing  attacks.  His  energy  might  be  better  applied. 
Our  observations  are  effected  in  the  hope  that  they  may  be 
useful  in  elucidating  doubtful  points  and  accelerating  in 
some  small  way  the  progress  of  the  science  we  love.  Our 
chief  aim  is  to  make  reliable  observations,  and  to  interpert 
them  correctly.  If  Mr.  Monck  thinks  that  by  picking  out  a 
few  figures  from  a  mass  of  careful  results  he  can  subvert  the 
deductions  of  the  author  of  them  he  is  greviously  mistaken. 
He  may  annoy  and  embarass  observers  whose  hands  are 
already  full  of  work  in  the  delightful  field  of  observation, 
but  he  will  never  shake  their  integrity  or  detract  from  the 
value  of  their  discoveries.  No  observer  can  object  to  legiti- 
mate criticism  as  this  has  a  tendency  to  remove  anomalies 
and  sometimes  gives  effect  to  observations,  but  mere  quib- 
bling is  to  be  deprecated  and  can  certainly  never  exert  any 
useful  influence. 

M3'  meteoric  observations  must  stand  or  fall  according  to 
their  merits  as  determined  bv  future  observers.  Their  value 
cannot  be  affected  by  criticism  of  the  kind  applied  by  Mr. 
Monck.  We  need  facts  not  inferences.  I  hope  it  is  not  too 
much  to  say  that  I  have  the  utmost  confidence  in  my  re- 
sults. 

Bristol,  England,  Oct.  15, 1890. 


DR.  CHRISTIAN  HENRY  FREDERICK  PETERS. 


J.  G.  PORTER. 
For  The  Meksexobb. 


On  the  morning  of  July  19th  Dr.  C.  H.  F.  Peters,  director 
of  the  Litchfield  Observatory  of  Hamilton  College,    was 
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round  dead  upon  the  door  step  of  the  college  building  where 
he  lodged.  His  observing  cap  was  on  his  head  and  a  half 
burned  cigar  in  his  fingers.  It  is  presumed  that  he  was 
struck  down  by  apoplexy  while  on  his  way  to  the  obserYa- 
tory  to  commence  his  nightly  work.  Thus  has  passed 
away  at  the  ripe  age  of  seventy-seven  one  of  the  most  dis- 
tinguished of  our  American  astronomers.  He  was  a  Dane 
by  birth,  but  pursued  his  studies  at  the  University  of  Berlin, 
taking  his  degree  there  in  1836,  The  next  few  years  he 
spent  in  Italy,  taking  part  in  the  snrvey  of  Mt,  Etna  and 
other  geodetic  and  astronomical  work.  Upon  the  breaking 
out  of  the  revolution  in  1848  he  joined  the  forces  of  Gari- 
baldi and  was  speedily  promoted  to  the  rank  of  Major  of 
Artillery.  He  was  twice  severely  wounded.  AStct  the  fail- 
ure of  Garibaldi's  movement  Dr.  Peters  was  forced  into 
exile  and  spent  some  time  in  Constantinople.  A  few  years 
later,  at  the  suggestion  of  U.  S.  Minister  George  P.  Marsh. 
he  came  to  this  country,  and  after  a  brief  connection  mth 
the  Coast  Survey  and  the  Dudley  Observatory,  was  called  in 
1858  to  the  directorship  of  the  Litchfield  Observatorj*  then 
just  established.  His  great  ability  and  wonderful  industry 
soon  gave  the  Observatory  an  acknowledged  rank  among 
the  scientific  institutions  of  the  country. 

One  of  the  earliest  contributions  which  he  made  to  astro- 
nomical knowledge  was  a  series  of  sun-spot  obser^-ations 
extending  through  about  twelve  years  and  thus  embracing 
the  whole  of  one  cycle  of  variation  in  solar  activity.  His 
celestial  charts  are  well  known.  Besides  the  twenty  already 
published  many  more  are  nearly  or  quite  completed.  The 
zone  observations  which  form  the  ground  work  of  these 
charts  number  over  100,000.  It  was  Dr.  Peters'  iuteuciou 
to  publish  a  catalogue  of  these  star  positions  in  connection 
with  the  charts.  Upon  the  group  of  minor  planets  he  also 
expended  a  vast  amount  of  labor.  Fortj-eight  of  these 
bodies  were  first  discovered  by  him  at  the  Litchfield  Ob- 
servatory. The  investigation  of  their  orbits,  by  no  means  a 
light  task,  was  usually  undertaken  by  the  Doctor  as  a  recre- 
ation after  his  more  arduous  duties.  He  was  often  called 
upon  to  determine  geographical  positions.  The  northern 
and  western  boundaries  of  New  York  state,  as  well  as  many 
places  in  the  interior,  were  fixed  by  him. 
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In  1869  he  was  enabled  through  the  liberality  of  Mr. 
Litchfield  to  organize  a  party  to  observe  the  solar  eclipse  at 
Des  Moines,  Iowa,  and  in  1874  he  was  appointed  chief  of  the 
U.  S.  Transit-of- Venus  expedition  to  New  Zealand.  The  re- 
markable success  of  his  party  was  a  source  of  much  gratifi- 
cation to  him.  Upon  his  return  a  public  reception  was 
tendered  him  in  Utica,  which  was  made  the  occasion  of  the 
presentation  of  a  fine  pocket  chronometer. 

NotAvithstanding  the  almost  incredible  amount  of  astro- 
nomical work  that  Dr.  Peters,  almost  single-handed,  ac- 
complished during  the  thirty-two  years  of  his  directorship, 
he  was  by  no  means  a  man  of  one  idea.  For  wide  and  ac- 
curate knowledge  in  nearly  every  field  of  science,  and  for 
general  intelligence  on  the  topics  of  the  day,  he  had  few 
equals.  His  linguistic  attainments  were  unusually  great. 
Latin  and  Greek  were  as  familiar  to  him  as  his  native 
tongue,  and  he  was  at  home  with  nearly  all  the  modem 
languages  of  Europe  including  Turkish  and  Arabic.  The 
knowledge  of  this  latter  language  he  put  to  good  use,  having 
been  engaged  for  some  years  prior  to  his  death  upon  the  im- 
portant task  of  re-editing  Ptolemy's  Almagest.  During  re- 
cent trips  to  Europe,  several  manuscripts  hitherto  unknown 
were  discovered  by  him  in  the  libraries  of  France  and  Italy. 

In  1887  Dr.  Peters  was  a  member  of  the  convention  of 
astronomers  assembled  in  Paris  to  inaugurate  the  photo- 
graphic survey  of  the  heavens,  and  the  high  distinction  of 
the  decoration  of  the  Legion  of  Honor  was  then  bestowed 
upon  him  by  the  French  Government.  For  many  years  he 
has  been  a  member  of  the  National  Academy  of  Sciences  as 
well  as  of  other  learned  societies  at  home  and  abroad. 

Personally  Dr.  Peters  was  a  man  of  the  highest  integrity 
and  honor,  courteous  in  his  bearing,  kind  and  generous  to 
all.  To  those  who  manifested  any  desire  to  understand  the 
subject  of  astronomy  he  was  a  most  patient  and  painstak- 
ing instructor.  He  was  never  married  but  possessed  a 
social  nature  and  a  certain  gentle  refinement  which  made 
him  a  favorite  in  the  family  circles  of  College  Hill.  His 
death,  though  sudden,  was  probably  painless,  and  found 
him,  as  he  doubtless  would  have  wished,  in  the  midst  of  his 
accustomed  labors.  The  world-wide  fame  which  he  has 
justly  won  is  due  not  to  transcendent  genius  or  brilliant 
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episodes,  but  to  faithful,  diligent  toil  and  life-long  devotion 
to  his  chosen  profession.  His  career  of  usefulness  and  honor 
may  well  be  an  encouragement  and  a  stimulus  to  us  who 
are  seeking  to  follow  him  up  the  ever  ascending  pathway  of 
science. 


HOW  TO  MEASURE  THE  INVISIBLE.* 


HENRY  M.  PARKHURST. 


Continued  from  p&gt  413. 

The  general  laws  of  optics  are  most  readily  understood 
when  light  is  conceived  of  as  an  emanation  of  particles.  But 
investigation  has  shown  that  this  is  not  its  true  nature.  It 
really  consists  of  vibrations,  or  waves,  or  modulations; 
and  it  is  necessary  to  take  that  view  of  it  in  order  to  under- 
stand the  phenomena  I  am  about  to  explain. 

Waves  of  light  consist  of  alternate  condensation  and  rar- 
efaction of  the  ether.  It  is  stated  in  the  books  that  the 
different  kinds  of  light  move  with  the  same  velocity,  but 
that  the  wave-lengths,  or  the  distances  between  the  points  of 
greatest  condensation,  vary.  The  shorter  the  wave-length, 
the  more  is  the  ray  affected  by  a  refracting  medium.  This  is 
a  fundamental  principle;  and  I  think  a  few  suggestions, 
founded  upon  facts  within  our  own  observation,  will  be  suf- 
ficient to  establish  the  principle  that  the  extreme  red  and 
theextreme  violet  rays  of  light  move  with  the  same  velocity. 

For  convenience  I  will  assume  that  if  there  is  any  differ- 
ence, the  violet  rays  move  more  rapidly  than  the  red ;  since 
with  equal  wave-lengths  the  extreme  violet  rays  would 
move  nearly'-  twice  as  fast  as  the  extreme  red.  In  a  total 
eclipse  of  the  sun,  when  the  sun  emerges  from  behind  the 
moon,  all  the  rays  start  from  the  moon's  edge  toward  the 
earth  at  the  same  instant.  If  the  violet  ra^'S  moved  most 
rapidly,  they  would  reach  the  earth  first,  and  the  first 
glimpse  of  the  sun  would  be  an  intensely  violet  streak  of 
light.  For  the  same  reason,  the  last  glimpse  of  the  sun  be- 
fore the  totality  would  be  an  intensely  red  streak  of  light. 
No  such  difference  has  been  noted.    But  as  the  difference  is 
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tute, October  15,  and  illustrated  with  lantern  views  and  diagrams. 


How  to  Measure  the  Invisible.  443 

onl^'  for  the  gain  of  the  violet  rays  in  the  distance  from  the 
moon  to  the  earth,  which  the  light  traverses  in  little  over  a 
second,  the  time  during  which  the  effect  would  be  \nsible 
would  be  but  a  fraction  of  a  second. 

Let  us  take  then  an  eclipse  at  a  greater  distance.  When 
the  shadow  of  the  first  of  Jupiter's  satellites  falls  upon  its 
disk,  it  takes  fortj-  minutes  for  the  light  to  reach  us.  If  the 
violet  light  moved  twice  as  rapidly  as  the  red,  there  would 
be  red  rays  still  reaching  us  for  twenty  minutes  after  the 
violet  rays  had  been  cut  off.  During  those  twenty  minutes 
the  shadow  would  have  moved  over  one-seventh  of  Jupiter's 
diameter.  There  would  therefore  be  a  fringe  of  red  light 
next  the  shadow  and  following  it,  extending  across  one- 
seventh  of  Jupiter's  diameter,  gradually  approaching  white- 
ness. For  the  same  reason  there  would  be  a  fringe  of  violet 
light  next  the  shadow  and  preceding  it,  for  an  equal  dis- 
tance. The  fact  that  no  color  is  observed,  proves  that  if 
there  is  any  difference  in  the  velocity  of  the  light  of  the  two 
colors  it  is  exceedingly  small.  We  have  still  another  test, 
more  delicate  still,  although  not  resting  upon  so  certain  a 
foundation.  If  the  diminution  of  the  light  of  Algol  arises 
from  the  interposition  of  a  dark  body,  as  seems  probable, 
we  have  the  distance  between  Algol  and  the  earth,  in  which 
the  different  colors  pursue  their  race;  so  that  if  during  that 
distance  either  gained  many  minutes  upon  the  other,  it 
would  become  evident  b\'  giving  to  Algol  a  corresponding 
tinge  during  the  latter  part  of  the  period  of  its  minimum. 
In  some  variable  stars  a  red  light  is  seen ;  but  to  be  pro- 
duced by  this  cause  it  must  be  supplemented  b\'  an  equally 
observable  violet  light ;  w^hich  has  never  been  seen  although 
carefullv  looked  for.  We  mav  consider  it  demonstrated, 
therefore,  that  light  of  all  colors  moves  with  the  same  veloc- 
itv. 

The  analogy  between  waves  of  sound  and  waves  of  light 
gives  another  illustration.  If  the  same  principle  of  more 
rapid  motion  for  short  wave-lengths  were  applied  to  music, 
the  high  notes  would  reach  us  sooner  than  the  low  notes ; 
so  that  in  listening  to  strains  of  music  in  the  distance,  the 
high  notes  would  reach  us  a  quaver  or  semiquaver  too 
soon.  Carrying  it  still  further,  at  the  distance  of  a  mile,  the 
first  line  of  Duke  Street,  "  Lrord,  when  Thou  didst  ascend  on 
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faigh,"  going  up  the  octave,  would  have  its  notes  all  reach 
us  together;  and  upon  going  another  mile  all  would  ix 
reversed,  the  high  notes  comhig  first,  apparently  descending 
the  scale  as  in  the  tune  of  Antioch. 

The  mode  of  measuring  the  wave-Iength  of  the  difierent 

[  colors,  and  the  effect  of  wave-length  upon  refrangibility,  I 

cannot  well  explain  without  diagrams,  and  will  defer  for  the 

present.    But  there  is  one  other  preliminary  suggestion  I 

can  make  now. 

The  refrangibility  of  light  depends  upon  its  wave-length. 
When  a  wave  strikes  a  refracting  surface,  what  determines 
the  degree  of  the  refraction?  That  wave  passes  along  in  itS' 
refracted  course  without  waiting  for  the  next  wave.  Each 
wave  is  refracted  independently.  My  explanation  is  this; 
The  force  of  light  is  di\'ided  between  the  different  waves 
emitted  within  a  given  time.  There  being  twice  as  many 
violet  rays,  each  has  but  one-half  the  force  of  the  red  light, 
it  is  therefore  more  retarded  by  the  denser  medium,  and  for 
that  reason  bent  farther  from  its  course.  The  fact  that  red 
light  has  sufficient  force  to  penetrate  the  mists  of  the  morn- 
ing and  evening  sky,  when  the  violet  rays  are  stopped,  indi- 
cates the  probability  of  the  correctness  of  this  explanation. 

The  retardation  of  waves  of  light  by  a  refracting  medium 
can  be  illustrated  effectively,  I  will  not  undertake  to  say 
vfith  how  much  accuracy,  by  comparing  them  with  a  person 
attempting  to  cross  Brooklyn  bridge  at  a  time  when  it  is  so 
crowded  that  he  is  compelled  to  forget  good  manners  and 
push  his  way  by  main  force,  The  more  dense  the  crowd  the 
slower  his  rate  of  progress.  The  stronger  he  is  the  faster  he 
can  get  along.  The  moment  the  way  is  clear  he  resumes  a 
pace  as  rapid  as  before  entering  upon  the  bridge.  So  the 
waves  of  light,  however  much  they  are  retarded  in  passing 
through  a  dense  medium,  do  not  lose  their  progressive  force, 
as  if  they  had  been  detained  by  friction,  but,  as  shown  by 
their  outward  refraction  at  the  second  surface  of  a  lens,  they' 
pass  onward  with  unabated  vigor  and  speed 

It  is  an  important  consideration  that  the  effect  of  a  re- 
fracting medium  does  not  depend  upon  the  absolute  wa\*^i 
length,  but  upon  the  relative  wave-length.  We  have  an.] 
illustration  of  this  with  reference  to  the  waves  of  sound,  itti 
the  whistle  of  a  passing  locomotive.    As  it  approaches 
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the  pitch  is  a  little  higher  than  it  would  be  if  stationary, 
and  the  moment  it  has  passed,  the  sound  becomes  percept- 
ibly lower  while  it  is  receding.  To  return  to  the  bridge  illus- 
tration, if  the  crowd  is  moving  in  the  same  direction  with 
ourselves,  we  can  get  along  much  faster  than  if  it  is  moving 
in  the  opposite  direction.  The  fact  that  we  are  moving  to- 
wards a  star,  does  not  increase  the  refrangibility  of  its 
waves  by  shortening  their  absolute  wave-length,  or  by 
weakening  their  force.  But  it  diminishes  their  relative  wave- 
length, and  it  diminishes  their  power  of  progressing  through 
the  obstacle  of  a  dense  medium ;  and  thus  it  diminishes  their 
velocity,  and  this  increases  the  refrangibility. 

If  we  were  to  approach  the  sun  with  the  speed  of  light, 
200,000  miles  per  second,  carrying  with  us  a  refracting 
prism,  there  would  be  twice  as  many  waves  striking  the 
prism  each  second,  which  would  make  the  relative  wave 
length  only  one-half.  The  result  would  be  that  the  extreme 
red  rays,  at  the  line  A,  would  occupy  nearly  the  position 
of  the  extreme  violet  rays,  at  the  line  H.  If  we 
were  to  approach  the  sun  at  200  miles  per  second,  the  lines 
would  be  shifted  only  ^^^j^  as  much,  but  in  the  same  direction. 
That  is,  the  line  D*  would  nearly  coincide  with  the  line  D*. 
If  then  we  were  to  find  a  fixed  star  in  whose  spectrum  the 
sodium  lines  appear,  and  if  upon  comparing  the  position  of 
its  spectrum  we  should  find  its  D*  line  to  correspond  with 
the  D*  line  of  the  sodium  flame,  we  should  know  that  we 
were  approaching  that  star,  or  it  was  approaching  us  at  the 
rate  of  about  200  miles  per  second. 

Here  we  reach  the  measurement  of  the  invisible  without 
making  it  visible;  for  there  is  no  magnifying  power  which 
will  enable  us  to  see  the  motion  of  a  star  from  or  towards 
the  earth.  The  only  way  it  can  become  visible  is  by  the  en- 
largement of  its  disk  when  approaching  us ;  and  in  the  case 
of  a  star  too  distant  to  have  a  disk,  of  course  this  would  be 
imperceptible. 

This  method  has  been  applied  to  many  stars,  with  vary- 
ing results,  indicating  motions  relatively  to  the  earth,  some- 
times towards  and  sometimes  away  from  us. 

This  method  was  recently  applied  to  the  star  Algol,  by 
Vogel.  He  measured  the  positions  of  the  lines  at  different 
periods  with'reference  to  its  minimum  phase,  and  found  that 
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before  the  minimum  Algol  was  receding  from  us,  and  thd 
after  tlie  minimum  Algol  was  approaching  us.  He  repcatd 
these  obser\'ations  often  enough  to  make  it  certain  that  t 
change  of  its  motion  was  connected  with  its  appan 
brightness.  Although  he  could  not  see  any  companion,  1 
was  evident  that  there  must  have  been  a  dark  companioi 
with  similar  and  opposite  motion,  the  two  revoh-ing  abotq 
a  common  center.  He  deduced  certain  results  with  regari 
to  the  masses  of  the  two  stars  thus  connected  with  eaq 
other;  but  there  seems  to  have  been  introduced  as  a  link  I 
the  chain  of  reasoning,  more  or  less  conjecture.  I  prefa 
therefore,  to  pass  on  at  once  to  another  more  remarkabl 
discovery  of  the  same  character,  which  was  made  at  abot^ 
the  same  time  by  Professor  Pickering  at  Harvard. 

In  photographs  of  Mizar,  showing  its  spectrum,  it   waj 
observed  that  some  of  the  darker  lines  appeared  double, 
other  times  the  same  lines  appeared  single.    By  taking  t 
peated  photographs  there  was  found   to  be  a  periodicitj 
about  this  duplication  of  the  lines,  so  that  it  could  be  pr( 
dieted.    What  was    the  cause  of  it?    Manifestly   that  tfali 
star  Mizar,  never  seen  optically  as  double  in   the    nioq 
powerful  telescopes,  nevertheless  is  a  binarj-  star,  the  t^vt 
components  revolving  around  a  common  center  of  gravi^ 
in  twice  the  period  of  the  duplication  of  the  lines.    For  calfl 
ing  the  two  stars  A  and  B,  when  A  is  approaching  and  B  r 
ceding,  their  lines  will  be  separated  by  the  difference  of  ihd 
relative  motion ;  when  .\  is  nearest  and  B  the  most  distant 
neither  will  have  any  motion  to  or  from  the  earth,  and  tbj 
lines  will  coalesce;  then  A  recedes  and  B  approaches, 
lines  again    separating  but    being   transposed    Irom    thd 
former  position  ;  and  finally  A  will  be  most  distant  andBtl 
nearest,  when   the  lines  will  a  second  time  have  coales 
Since  the  duplication  occurred  every  52  days,  it  is  manifes 
that  the  period  of  revolution  is  104  days. 

It  wilt  be  noticed  that  the  distance  of  Mizar  from  tlw 
earth  has  no  relation  to  this  duplication  of  the  lines ;  it  de^ 
pends  wholly  upon  the  rate  of  motion  of  the  two  bodies,  A 
and  B,  as  compared  with  the  wave  lengths  of  the  undula- 
tions of  light.  Were  Mizar  a  million  times,  or  millions  of 
millions  of  times  as  far  away  as  it  actually  is,  the  separa- 
tion of  the  lines  would  be  the  same ;  all  the  diflferencc  woald 
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be  that  being  more  distant  the  star  would  be  fainter,  and 
being  fainter  its  spectrum  could  not  be  so  easily  seen.  Were 
our  sun  to  be  gradually  removed  from  Mizar,  the  lines 
would  grow  fainter  and  fainter  until  they  disappeared,  but 
the  amount  of  their  separation  would  remain  uniform.  Nor 
does  the  distance  of  the  stars  A  and  B  from  each  other  at  all 
affect  the  separation  of  the  lines.  Were  they  a  million  times 
as  far  apart,  moving  with  the  same  velocity,  the  separation 
would  remain  the  same;  or  were  they  a  million  times  as 
near  together,  moving  with  the  same  velocity,  the  separa- 
tion would  remain  the  same. 

The  first  thing  ascertained  from  these  observations  was 
the  period  of  revolution.  Next  we  have  the  actual  rate  of 
motion.  The  relative  motion  causing  the  division  of  the 
lines,  is  the  sum  of  the  motion  of  the  two  bodies.  The  two 
lines  appeared  equal  in  blackness,  showing  that  the  two 
stars  are  nearly  equal  in  brightness ;  from  which  it  may  be 
inferred  that  they  are  nearly  equal  in  mass.  If  so,  the  indi- 
cated motion  of  100  miles  per  second  is  twice  the  actual 
motion  of  revolution.  But  as,  by  the  laws  of  motion  it 
makes  no  difference  in  what  proportion  the  mass  is  divided 
between  the  two  bodies,  it  will  be  most  convenient  to  speak 
of  one  of  the  stars  as  stationary  and  the  other  in  motion. 
We  may  now  determine  the  size  of  the  orbit;  for  if  the 
motion  is  100  miles  per  second  in  a  circular  orbit,  and  if  it 
requires  104  days  of  such  motion  to  complete  the  orbit,  the 
circumference  of  the  orbit  must  be  about  900,000,000  miles 
and  the  distance  of  the  two  stars  about  143,000,000  miles. 
This  is  but  two  million  miles  greater  than  the  distance  of 
the  planet  Mars  from  the  sun,  whose  period  is  687  days. 
As  its  actual  motion  is  more  than  six  times  as  rapid,  revolv- 
ing through  the  same  distance  in  104  days,  the  mass  must 
be  increased,  to  preserve  a  circular  orbit,  by  the  square  of 
this  ratio ;  showing  that  the  mass  of  the  two  3tars  is  about 
40  times  the  mass  of  our  sun. 

A  few  additional  and  new  computations,  based  upon  the 
most  available  assumption  of  brilliancy,  may  be  interesting. 
Dividing  this  mass  between  two  stars  of  equal  density  with 
our  sun,  and  of  equal  brightness  of  disk  they  would  give 
about  15  times  as  much  light.  Adopting  Sir  John  Her- 
schell's  estimate  of  the  comparatvie  brightness,  that  would 
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correspond  to  a  distance  from  us  9,000,000  times  greater 
than  that  of  the  sun.  This  would  correspond  with  a  paraU 
lax  of  one-forty -fifth  of  a  second  and  a  distance  which  would 
require  nearly  150  years  for  light  to  travel.  In  miles,  the 
distance  would  be  830  millions  of  millions  of  miles.  The 
distance  of  the  two  stars  optically  would  be  one-thirtieth  of 
a  second,  far  beyond  the  reach  of  Bumham  with  any  tele- 
scope he  will  ever  live  to  look  through. 

We  have  therefore  the  elements  of  the  orbit  thus  deter- 
mined,  the  distance  apart  of  the  two  stars,  the  period  and 
the  masses.  These  elements  are  only  approximate,  however, 
for  we  have  assumed  the  plane  of  the  orbit  to  pass  nearly 
through  the  earth.  If  the  plane  were  at  right  angles  with 
the  line  joining  the  star  and  the  earth,  there  would  be  no  rel- 
ative motion  of  approach  or  recession,  and  no  separation  of 
the  lines.  Another  star  of  equal  brightness  might  be  com- 
posed of  two  stars  of  the  same  size  revolving  in  precisdy  the 
same  manner,  excepting  that  the  plane  of  the  orbit  should 
be  at  right  angles  to  us,  and  we  could  never  by  this  method 
discover  its  duplicity. 

Suppose  that  the  orbit  is  between  these  two  positions. 
Suppose  that  it  is  at  an  angle  of  sixty  degrees  with  the  line 
of  sight.  In  that  case  the  actual  relative  motion  would  he 
twice  as  great  as  the  apparent  relative  motion.  The  actual 
distance  of  the  two  bodies  from  each  other  would  be  twice 
as  great  as  our  calculations  would  show ;  and  the  combined 
masses  would  be  four  times  as  great  to  preserve  circular  mo- 
tion at  this  increased  distance. 

We  have  assumed  circular  motion.  It  would  require  a 
very  considerable  variation  from  a  circular  orbit  to  make  it- 
self apparent,  or  to  materially  affect  our  results.  With  an 
orbit  as  excentric  as  some  of  the  asteroids,  the  modoa 
would  be  a  little  faster  at  a  given  distance  with  a  given 
mass;  so  that  a  little  less  mass  would  be  required  than  for  a 
circular  orbit.  But  the  difference  would  be  very  much  less 
than  the  uncertainty  in  the  determination  of  the  exact  s 
ration  of  the  lines,  and  very  much  less  than  the  uncertain 
in  the  position  of  the  orbit.  Indeed  it  is  manifest  that  if  | 
plane  of  the  orbit  were  very  nearly  at  right  angles  with  ti 
line  of  sight  and  yet  the  relative  apparent  motion  sufBcient 
to  produce  an  appreciable  separation  of  the  lines,  our  com- 
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putations  by  the  above  described  method  would  be  widely  in 
error.  On  the  other  hand  there  might  be  a  considerable  de- 
viation of  the  plane  from  coincidence  with  the  line  of  sight, 
without  materially  affecting  the  computations;  and  the 
chances  are  strongly  in  favor  of  the  supposition  that  the 
main  element  of  uncertainty  is  the  exact  determination  of 
the  amount  of  the  separation  of  the  lines.  If  such  discov- 
eries should  be  many  times  repeated,  including  many  fainter 
stars,  it  would  then  become  probable  that  among  them  all, 
there  would  be  one  or  more  to  which  our  mode  of  computa- 
tion would  not  accurately  apply.  The  question  would  then 
arise  for  science  to  devise  some  new  test  to  meet  this  emer- 
gency. And  difficult  as  is  the  problem,  we  may  reasonably 
expect  success. 


AN  EXAMINATION  OP  THE  PLACE  OP  TYCHO  BRAHE'8  STAR. 


8.  W.  BURNHAM. 
For  Thb  Mbssbxobk. 

Having  some  observations  to  make  in  Cassiopeiae,  near 
the  observed  place  of  the  celebrated  temporary  star  of  1572, 
known  as  Tycho  Brahe*s  star,  I  took  occasion  to  examine, 
with  the  36.inch  telescope,  the  region  about  the  point  given 
by  D'Arrest  as  the  most  probable  place  of  this  star.  Of 
course  it  was  not  so  much  in  the  hope  of  finding  anything 
new  which  could  be  connected  with  what  is  known  in  the 
newspapers  as  the  "Star  of  Bethlehem,"  as  to  see  whether 
any  new  discovery  of  interest  could  be  made  with  the  large 
telescope  in  that  vicinity.  The  particular  point  assigned  by 
D 'Arrest  for  this  star  is  not  closely  marked  by  any  stars 
bright  enough  to  be  included  in  Argelander's  Catalogue,  but 
there  are  several  of  about  the  ninth  magnitude  within  a  ra- 
dius of  15'  or  20'.  D'Arrest  has  given  a  diagram  of  all 
the  faint  stars  down  to  16  magnitude  covered  by  a  space  of 
4%™  of  right  ascension  by  50'  of  declination.  I  did  not  un- 
dertake to  ascertain  how  many  more  could  be  seen  with  this 
instrument,  but  presumably  the  number  would  be  largely  in- 
creased. None  of  these  faint  stars  presented  any  peculiar  ap- 
pearance worth  noting.  The  brighter  adjacent  stars  were 
then  examined,  and  one  of  the  nearest  of  the  Argelander 
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stars,  D.  M.  (63°)  48,  was  found  to  be  a  close  double, 
mean  of  three  nights'  measures  gives 

P  =  31°.9        D  =  0".52        Mags.  9.2,  9.3    1890.74 

This  is  2°'  following  and  18'  north  of  the  assigned  place  of 
the  Tycho  Brahe  star.    It  would  probably  be  very  difficult 
with  a  moderate  aperture,  if  not  beyond  its  reach  alto- 
gether.   The  place  of  this  star  for  1880  is : 
19'"    57'.7 


R.  A. 
Decl. 


63°    46' 


About  8'  north  and  a  little  following  is  a  12"  pair  | 
9—10  magnitude  stars. 

Another  star  differing  but  little  in  declination  from  D'Ar- 
rest's  place,  but  further  following  in  R.  A.  was  found  with 
the  12-inch  to  be  an  unequal  double.  The  measures  \ 
the  36-inch  on  three  nights  give 

P  =  90°.2    D  =  l".66    Mags.    8.4,   11.3        1890.74' 

This  is  D.  M.  (63°)  52.  and  is  rated  8  mag.  by  Argelandcr. 
In  the  fiiture  these  stars  may  prove  to  be  of  some  interest. 


OUR  KNOWLEDGE  OF   MARS. 


JOHN  RITCHIE,  JH. 


The  planet  Mars,  during  the  few  years  past,  has  receivi 
considerable  attention  from  journalists  and  writers,  who 
have  discussedit  with  that  tendency  towards  the  sensation- 
al which  is  so  characteristic  of  these  days.  A  plain  state- 
ment, therefore,  of  our  present  knowledge,  drawn,  as  much 
as  may  be,  from  the  writings  of  the  observers  themselves, 
will  not  be  out  of  place.  While  it  is  to  be  regretted  that  ab- 
solute conclusions  cannot  be  deduced  from  our  known  facts, 
this  failure  is  of  no  great  moment,  for  it  is  better  to  know  a 
little  and  know  it  well,  than  to  know  a  great  deal,  and  have 
it  not  true. 

The  planet  Mars  is  our  neighbor  in  space,  and  presents 
such  analogies  to  our  own  conditions  as  to  be  of  great  in- 
terest to  us.  In  size  it  is  inferior  to  the  earth;  in  climate 
not  widely  different ;  and  it  is  by  no  means  impossible  that 
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life  on  Mars  m^y  have  reached  the  perfection  which  it  enjoys 
here.  Its  time  of  revolution  about  the  sun  is  two  years, 
and  its  distance  as  compared  with  that  of  the  earth  about 
as  three  to  two.  At  conjunction  its  disk  measures  about 
four  seconds  of  arc,  while  at  opposition  it  is  sometimes  as 
large  as  thirty  seconds,  hence  it  is  more  easily  observed  at 
these  times. 

White  spots  were  possibly  indicated  on  drawings  of  Mars 
made  in  the  seventeenth  century,  and  early  in  the  eighteenth 
they  were  positively  shown.  Two  of  these  spots  have  re- 
mained with  constancy,  and  have  been  termed  the  snowy 
poles,  which  are  generally  considered  analogous  to  our  own 
poles.  Since  the  map  of  Madler,  in  1830,  drawings  of  Mars 
have  been  made,  until  many  hundreds  are  in  existence,  and  if 
due  dependence  could  be  placed  in  the  accuracy  of  the  rep- 
resentations, much  information  might  be  deduced. 

Observers  have  noted  changes  in  the  physical  aspect  of  the 
planet.  Some  of  these— the  slow  variation  of  the  polar  caps, 
for  instance— are  relatively  easy  to  follow.  Others  are  even 
more  rapid,  beuig  accomplished  in  a  few  days,  while  other 
effects  are  different  from  one  day  to  another.  Among  the 
last  class  is  the  so-called  "doubling"  of  the  canals.  Finally, 
other  changes  are  found  to  coincide  in  time  with  the  period 
of  revolution.  Many  difficulties  lie  in  the  way  of  an  accu- 
rate and  complete  study  of  these  changes.  Observations 
are  limited  to  certain  hours  of  the  day,  and  also  to  that  pe- 
riod of  four  months  when  Mars  is  near  opposition.  The  op- 
positions occur  in  different  parts  of  its  orbit  and  under  vary- 
ing inclinations  of  its  axis,  so  that  at  least  sixteen  years  is 
necessary  for  the  complete  inspection  of  the  planet.  In  addi- 
tion, there  are  our  conditions  of  atmosphere,  and  finally  the 
difficulty  in  comparing  the  observations  made  by  different 
men  with  different  telescopes  on  account  of  instrumental 
and  personal  peculiarities. 

Upon  certain  differences  in  color  rests  the  notation  "conti- 
nent," "sea,"  "canal,"  "island,"  etc.  This  notation  must 
be  regarded  only  as  a  matter  of  convenience,  and  positively 
docs  not  imply  anything  with  reference  to  the  physical  con- 
dition of  the  surface.  Some  regions,  usually  of  small  area, 
are  sometimes  seas,  sometimes  continents.  In  the  light  of 
this  statement,  it  is  interesting  to  note  M.  Flammarion's 
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position  in  a  paper  in  the  Comptes  Rendus  in  1873,  This 
summed  up  the  known  facts  at  that  date.  Briefly  his  state- 
ments arc: — the  polar  regions  are  covered  with  snow,  there 
are  clouds  and  atmospheric  currents,  the  atmosphere  being 
more  saturated  in  Winter  than  in  Summer,  the  surface  is 
quite  evenly  divided  into  land  and  sea,  the  meteorologj'  is 
similar  to  ours,  water  exists  in  the  same  state  physically 
and  chemically,  the  continents  are  covered  with  forests  of  a 
reddish  hue,  and  the  conditions  for  life  are  little  different 
from  those  of  the  earth.  With  the  sanguineness  and  ardor 
of  his  nation  he  made  at  this  time  a  series  of  claims,  which, 
seventeen  years  later,  with  whatever  has  heen  added  to 
scientific  knowledge  in  the  interim,  cannot  be  considered  as 
at  all  well  proven  in  many  respects. 

The  canals  are  an  interesting  feature  of  the  surface  of 
Mars.  Much  of  the  information  concerning  them  is  from 
the  Italian  observer  Schiaparelli.  a  good,  careful,  accurate 
and  reliable  astronomer.  These  canals,  according  to  him. 
cover  with  a  network  all  of  the  continental  region.  Ther 
form  usually  an  arc  of  a  great  circle,  some  of  great  length, 
as  much  as  ninety  degrees,  and  var>-  greatly  among  them- 
selves in  breadth.  Their  visibility,  breadth  and  form  vary 
from  one  opposition  to  another,  and  even  during  the  course 
of  a  week.  These  changes  are  not  simultaneous,  but  partly 
local,  so  that  a  map  must  be  regarded  rather  as  a  topo- 
graphical index  than  as  a  representation  of  the  actual  ap- 
pearance. Every  canal  ends  in  a  sea  or  another  canal— an 
important  feature  of  an  unknown  import.  Schiaparelli 
-characterizes  the  physical  circumstances  connected  with  the 
canals  as  follows:  A  canal  may  be  invisible  for  a  longer  or 
shorter  time,  it  may  be  obscured  by  the  variation  of  the 
color  of  the  adjoining  surface,  the  type  is  dark  in  color,  but 
sometimes  is  like  a.  faint  gray  stripe,  and  canals  vary  great- 
ly in  width. 

JDuring  the  opposition  of  1881-2,  Schiaparelli  made  some 
discoveries  which  have  excited  much  discussion.  During 
fifty  consecutive  nights,  sixteen  perfect  and  fourteen  ex- 
ceedingly fine  (in  Italy),  these  observations  were  made.  The 
chart  which  accompanies  his  paper  to  the  Society  of  Italian 
Spcctroscopists  is  suggestive  of  a  double  printed  photo- 
graph.   His  discovery,  as  he  states  it,  was  that  a  caoal 
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would,  in  a  few  days,  sometimes  a  few  hours,  appear  as  if 
composed  of  two  parallel  stripes,  one  of  which,  usually ,  occu- 
pied the  true  space  of  the  canal.  The  relation  of  the  stripes 
to  the  place  between  them  varied  in  different  canals,  the 
color  of  both  stripes  was  the  same,  and  all  irregularities,  if 
present  in  the  single  canal,  disappeared  on  "doubling." 
Sometimes  at  the  intersection  of  two  canals  the  duplication 
would  stop,  and  the  same  canal  would  be  both  single  and 
double  in  different  parts.  Schiaparelli  observed  these  feat- 
ures in  wonderful  detail  and  was  even  able  to  follow  the  pro- 
cess of  "doubling"  in  one  or  two  instances.  In  1886,  Perro- 
tin  of  Nice  consideered  that  his  observations  strongly  con- 
firmed those  of  Schiaparelli.  During  the  opposition  of  1888 
Mars  was  much  observed.  Perrotin  notes  that  part  of 
the  canals  seen  by  him  two  years  before,  in  the  same  places 
and  of  the  same  character,  some  simple,  others  double.  He 
signalizes  some  marked  changes,  the  disappearance  of  a 
continent,  Lybia,  (about  as  large  as  France),  and  of  a  lake, 
and  the  appearance  of  a  canal  across  the  north  polar  cap. 

Unfortunately  for  the  observer  at  Nice,  Niesten  of  the  Ob- 
servatory of  Brussels  had  made  drawings  of  Mars  at  an  in- 
terval of  six  days,  during  which  interval  Perrotin  took  his 
observation.  The  continent  which  he  declares  complement 
disparu  appears  on  both  of  the  Belgian  drawings.  Although 
with  French  politeness  M.  Niesten  explains  how  the  conti- 
nent might  have  suddenly  reappeared,  the  inference  is  ob- 
vious, and  as  an  observer  of  Mars,  confidence  in  Perrotin 
has  sustained  a  shock — and  unfortunately,  since  he  has  been 
so  strong  a  supporter  of  Schiaparelli.  Niesten  goes  on  to 
state  that  he  has  not  been  able  to  see  the  duplicated  canals, 
although  some  can  be  seen  single  while  others  resemble  the 
boundary  lines  of  two  different  tints  of  the  planet's  surface. 

Coming  nearer  home.  Prof.  A.  Hall,  of  Washington,  ob- 
served Mars  carefully  with  the  great  refractor  of  the  Naval 
Observatory  at  Washington,  on  eighteen  nights  in  1888,  but 
failed  to  see  the  regular  canals  of  the  European  observers. 
Prof  E.  S.  Holden,  of  the  Lick  Observatory,  states  in  the 
Astronomical  Journal  that,  while  the  most  favorable  time 
for  observation  had  passed  before  the  Lick  telescope  could 
be  used,  still  he  secured  a  fair  series  of  results.  With  regard 
to  the  canals,  he  failed  to  see  any  **  doubling. "    Lybia  was 
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frequently  drawn  here  during  the  period  of  its  disappear- 
ance from  France. 

Various  theories  to  account  for  the  existence  of  the  canals 
have  been  suggested.  The  notion  that  they  can  be  the  work 
of  inhabitants  fails  on  account  of  the  enormous  size  of  these 
lines,  sometimes  a  thousand  miles  long  and  fifty  broad. 
Fitzeau's  theory  of  glacial  crevasses  demands  the  existence 
of  forces  of  such  magnitude  as  to  be  unreasonable  from  an 
earthly  standpoint,  and  no  hypothesis  has  been  suggested, 
which  can  be  to-day  accepted  as  reasonable. 

The  matter  rests  here,  then,  in  an  unsatisfactory  condition 
with  regard  to  the  physical  phenomena  of  Mars.  On  the 
one  hand,  we  have  skillful  and  competent  astronomers  as- 
serting the  existence  of  markings,  and  furnishing  drawings 
containing  the  most  minute  details.  On  the  other  hand, 
equally  trustworthy  authority,  with  at  least  equal  optical 
means,  confess  their  inability  to  see  even  the  most  promi- 
nent features  of  the  objects  whose  existence  is  in  dispute. 
The  weight  of  judgment  among  astronomers  inclines  to 
skepticism  on  the  subject,  but  in  either  event  we  must  wait 
patiently  until  further  observations  shall  establish  or  dis- 
prove the  truth  of  the  alleged  discoveries. — Boston  Com- 
monwealth, Oct.  18,  1890. 


STATIONARY   OR  LONG-ENDURING  METEOR-RADIANTS. 


W.  H.  S.  xMONCK. 
For  The  Mkssexger. 

In  my  article  on  Stationary  Meteor-Radiants,  which  ap- 
peared in  3^our  October  number,  I  find  I  was  inaccurate  in 
describing  the  fire-ball  whose  period  was  computed  at  462 
daA's  as  an  Andromede.  Though  agreeing  in  date  with  the 
Andromede  shower  and  bearing  some  other  points  of  resem- 
blance it  was,  I  find,  referred  to  a  different  radiant. 

I  have  also  been  informed  that  m\'  assumption  that  the 
vessel  would  carr\^  the  balls  with  it  in  its  motion  is  erron- 
eous. I  only  referred  to  the  balls  as  an  illustration  of  my 
theory.  A  better  one  would  probably  have  been  a  number 
of  boats  or  steamers  crossing  the  current.  I  offered  this  ex- 
planation as  far  back  as  the  3'ear  1885  (see  The  Observa- 
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tory  for  December,  1885  and  January,  1886),  but  stationary- 
radiation  was  then  regarded  as  an  exceptional  case  whereas 
I  now  regard  it  as  the  rule  if  not  an  invariable  law.  The 
explanation  however  involves  difficulties  which  renders  me 
very  doubtful  of  its  validity.  My  pamphlet  (to  which  you 
refer  in  a  subsequent  note)  was  only  printed  for  private  cir- 
culation. 

With  regard  to  the  supposed  cometary  showers  I  may 
note  that  though  no  position  very  near  the  Lyrids  or  Leonid 
radiants  appear  in  Mr.  Denning's  list  at  other  times  of  the 
year  the  observations  of  others  go  far  to  supply  the  defi- 
ciency. Moreover  the  Perseids  and  Lyrids  do  not  seem  to 
exhibit  any  periodicity  ag^reeing  with  that  computed  for  the 
comet. 

It  is  worthy  of  remark  that,  should  my  theory  prove  cor- 
rect, meteor-radiants  may  be  determined  by  projecting  the 
paths  of  meteors  observed  at  any  time  of  the  year  instead 
of  confining  our  attention  to  those  observed  nearly  at  the 
same  date.  A  much  larger  amount  of  information  may  thus 
be  derived  from  observations  already  collected. 

For  the  convenience  of  those  who  may  wish  to  test  my 
statement  that  when  Mr.  Denning's  Catalogue  is  arranged 
in  order  of  R.  A.  the  grouping  becomes  immediately  ap- 
parent, I  give  a  list  of  the  radiants  for  the  second  quadrant 
(which  I  prefer  to  the  first  as  avoiding  the  question  of  shift- 
ing radiants)  in  order  of  R.  A.  The  numbers  are  those  in 
Mr.  Denning's  Catalogue. 

R.  A.  90^  to  180°;  Nos.  712,  698,  707,  659,  722,  675.  723,  647,  699,  718, 
703,  915.  713,  660,  302,  743,  734,  607,  905,  608,  589,  871,  700,  787, 
507,  834,  609,  539,  751.  590,  641,  864,  648,  770,  835,  389,  860,  661, 
36.  853,  674.  704,  875,  719,  591,  714.  677,  916,  478,  762,  876,  592, 
614,  595,  727,  865,  880,  843,  678,  752,  854.  560,  797,  811,  540,  662, 
007,861, 601,  610,  877,  663,  593,  3,  686,  687,  705,  911,  763,  786,  720, 
728,  679,  771,  764,  594,  688,  894,  899,  18,  541,  689,  31,  803,  849, 
680,  756,  690,  739,  908,  681,  642,  772,  615,  891,  291,  664,  460,  844, 
691,  917,  10,  812,  804,  862,  114,  878,  855,  692,  780,  765,  866,  900, 
13,  292,  814,  773,  774,  781,  775,  801,  782,  788,  665,  879,  693,  789, 
815,  542,  805,  790,  872,  24,  122,  482,  60,  873,  850,  918,  175,  69.  895, 
881,  796,  4,  40,  673,  912.  806,  824,  882,  48,  61,  46,  909,  682,  825, 
19. 

Dublin,  Oct.  30,  1890. 


The  Sidereal  Messenger. 


BRITISH   ASTRONOMICAL  ASSOCIATION. 

The  first  general  meeting  of  this  Association  was  held  < 
Friday,  the  24-th  of  October,  in  the  Hall  of  the  Society  of 
Arts  Adclphi.    The  chair  was  taken  by  W,  H.  Mead,  Esq., 
temporary  treasurer;  Mr,  E.  W.  Maunder,  temporary  secre- 
tary, read  the  report  of  the  provisional  committee,  giving 
an  account  of  the  formation  of  the  Association  up  to  the 
date  of  the  election  of  the  Council.    The  report  having  1 
unanimously  adopted,  the  senior  scrutinist,  Edwin  Durki 
Esq.,  F.  R.  S.,  read  the  certificate  of  the  election  of  the  Cod 
cil  and  Mr.  W.  H,  Wesley  read  the  certificate  of  the  clcctii 
of  officers  by  the  Council.    The  meeting  having  unanimou) 
confirmed  these  elections  and  also  the  appointments  of  ti 
directors  of  sections  Captain  W,  Noble,  F,  R,  A.  S,, 
the  chair  as  president  of  the  ,\ssociatiou  and  the  meetia 
proceeded  to  the  discussion  of  the  rules,    .\fter  careful  cJ 
sideration,  and  in  order  to  avoid  any  posible  confusion  ■ 
misconception  between    the  names  of  this  Society  and  I 
Royal  Astronomical  Society,  especially  abroad,  it 
cided  to  alter  the  name  by  substituting  the  word  Aw 
tion  for  Society,    The  hour  of  five  o'clock  was  fixed  npoal 
the  time  for  the  meetings  of  the  Association  in  the  hope  tl4 
it  might  be  found  convenient  both  by  town  and  couatj 
members.    The  month  of  June  was  selected  for  the  annual 
meeting.    Several  alterations  were  made  in  the  draft  roles. 
The  meeting  closed  with  votes  of  thanks  to  the  chain 
and  the  provisional  committee. 

The  first  public  suggestion  for  the  formation  of  1 
Society  was  made  by  Mr.  Monck  in  a  letter  to  the  " 
Mechanic"  of  July  ISth  of  this  year,  and  shortly  afterwHi 
Mr.  E.  W.  Maunder  undertook  the  task  of  ascertaining  | 
views  of  a  number  of  gentlemen  interested  in  Astronomii 
research  on  the  subject,  his  letters  in  every  case  containiDfl 
suggested  programme.  The  responses  were  in  almost  cvw 
instance  so  satisfactory,  and  the  offers  of  co-operation  J 
numerous  that  a  printed  circular  embodying  the  suggesfl 
programme,  and  bearing  the  names  of  those  gentlemen  x 
had  promised  assistance  was  sent  out.  The  issue  of  tfl 
circular  and  notices  in  the  public  press  brought  an  inimC'  ' 
dtate  accession  of  numbers  and  further  offers  of  support.    A 
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second  circtdar,  containing  a  somewhat  fuller  programme, 
and  including  the  additional  names  of  those  ladies  and 
gentlemen  who  had  in  the  meantime  consented  to  serve  on 
a  provisional  committee,  was  issued  a  few  days  later. 

The  accessions  to  the  Society  proceeded  so  rapidly  that 
toward  the  end  of  August  the  provisional  committee  after 
careful  consideration,  decided  upon  the  following  scheme  : 

1.  That  the  Council  of  the  Society  should  consist  of, 

(a)  Eight  officers,  viz:  A  president,  four  vice-presidents, 
treasurer,  secretary  and  editor, 

(6)  Fourteen  ordinary  members. 

(c)  Eight  (or  more)  directors  of  sections  who  should  be 
eX'0£Scio  members. 

2.  That  for  the  election  of  the  first  Council  a  list  of 
thirty  names  selected  by  the  committee  from  a  fiill  list  of 
members  should  be  submitted  to  a  ballot  of  the  Society  and 
that  the  twenty-two  highest  names  should  constitute,  to- 
gether with  the  directors  of  sections,  the  first  Council. 

3.  That  this  Council  should  elect  the  officers  of  the  Soci- 
ety, prepare  a  draft  of  rules,  and  call  a  general  meeting  at 
the  earliest  convenient  date. 

4.  That  the  general  meeting  should  confirm  or  otherwise 
the  election  of  officers  and  directors  of  sections  and  discuss 
and  pass  a  code  of  rules. 

These  resolutions  were  carried  into  effect  without  any 
delay.  Ballot  reports  were  duly  issued  to  every  member  of 
the  Society,  and  on  Oct.  1st  two  scrutineers  appointed  for 
the  purpose,  by  the  committee,  Edwin  Durkin  Esq.,  F.  R. 
S.,  and  E.  E.  Baly,  Esq.,  deputy  chief  cashier  of  the  Bank 
of  England,  met  and  counted  the  votes.  The  first  meeting  of 
the  Council  was  held  on  Oct.  8th,  and  the  officers  of  the  So- 
ciety were  elected  and  a  code  of  rules  drafted,  and  Friday  the 
24th  of  October,  was  fixed  upon  as  the  date  for  the  general 
meeting.  A  notification  to  that  effect  together  with  a 
printed  copy  of  the  draft  rules  and  a  circular  containing  the 
names  of  the  members  of  the  Council,  the  officers  of  the 
Society  and  the  directors  of  sections,  was  forwarded  to 
each  member. 

Thomas  F.  Maunder,  Asst.  Secretary. 

26  Martin's  Lane,  Cannon  Street,  London,  E.  C. 
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THE  CORRECTION  OF  OBSERVATION  DATA  BY  THE  METHOD-i 
OF  LEAST  SQUARES.* 


In  observations  there  are  two  possible  sources  of  error; 
first,  accidental  errors,  which  are  of  <ich  a  nature  that  in 
the  long  run  they  are  as  apt  to  be  positive  as  negative,  thus 
tending  to  eliminate  each  other;  and.  second,  systematic  er- 
rors which  are  of  the  same  sign  and  tend  to  cumulate.  An 
error  in  reading  a  scale  is  an  instance  of  an  accidental  error, 
but  an  unknown  error  in  the  length  of  a  scale  used  is  an  in- 
stance of  a  systematic  error :  for  in  the  long  run  an  observer 
would  he  as  apt  to  read  a  scale  too  long  as  too  short,  bat 
observations  with  an  incorrect  instrument  of  measurement 
evidently  do  not  tend  to  eliminate  each  other,  being,  on  the 
contrary,  cumulative. 

Suppose  that  a  mile  were  measured  by  a  100-foot  chain 
making  53  measurements  necessary,  and  that  the  chain  pins 
were  misplaced  two  inches  at  each  measurement  and  suppose 
that  the  chain  itself  were  one  inch  out.  Now  it  is  shown  by 
the  theory  of  probabilities  that  in  accidental  errors,  the 
square  root  of  the  whole  number  of  errors  are  probably  une- 
liminated  in  the  total;  in  thiscase  the  total  accidental  errors 
due  to  the  setting  of  the  pins  would  be  the  square  root  of  53 
times  2  inches  or  14  inches ;  while  the  total  systematic  error 
due  to  the  incorrect  length  of  the  chain  would  be  53  inches, 
nearly  four  times  as  much  as  that  due  to  accidental  error,  al- 
though each  of  these  last  errors  was  onlyone-half  of  the  first. 

Systematic  errors  furnish  no  trace  of  their  presence,  even  in 
repeated  observations,  since  they  affect  all  of  the  observa- 
tions alike;  and  the  presence  of  this  class  of  errors  in  a  series 
of  observations  constitutes  the  greatestobstacle  to  the  accu- 
rate determination  of  the  values  of  any  quantities  sought. 
They  can  however  be  transformed  into  accidental  errors  by 
varying  the  method  of  observation.  Thus  by  employing  a 
number  of  different  standards  of  measurement  in  the  sanie_| 
series  of  observations  the  cumulative  errors  due  to  an  en 
neous  standard,  would  be  transformed  to  eUminativc  erron 
since  different  standards  are  as  likely  to  be  too  short  as  t 
long- 

*  A  puiwr  read  before  the  Camden  Astronomical  Society. 
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In  the  method  of  obtaining  most  probable  values  of  un- 
knowns from  observation  data,  it  is  of  necessity  assumed 
that  systematic  errors  have  been  eliminated. 

Suppose  it  were  desired  to  determine  a  general  expression 
for  the  accelerative  force  at  the  surface  of  the  earth,  due  to 
the  earth's  attraction.  From  theoretical  considerations,  the 
form  of  the  expression  is  known  to  be 

g=^  X  —  y  cos  2A 
in  which  x  and  y  are  constants  to  be  determined  and  X  is  the 
latitude. 

Suppose  observations  to  have  been  made  at  six  different 
places  and  the  values  otg  {it*  times  the  length  of  the  second's 
pendulum),  and  of  A  so  obtained  were  substituted  in  the 
above  equation,  giving  six  equations  with  two  unknown 
quantities.  Such  equations  are  called  observation  equations, 
evidently  any  two  of  them  being  sufficient  to  determine  the 
constants  x  and  j^;  but  if  the  values  obtained  from  any  two 
of  them  were  substituted  in  the  other  four  of  the  observation 
equations,  there  will  generally  be  a  slight  difference  in  the 
values  of  the  right  and  left  hand  members  of  each  of  these 
equations.  These  differences  have  been  called  residuals  and 
by  a  course  of  analysis  based  upon  the  theory  of  probabil- 
ities, it  has  been  shown  that  the  most  probable  values  of  the 
unknown  quantities  are  those  which  make  the  sum  of  the 
squares  of  their  residuals  a  minimum,  and  hence  the  name  of 
Least  Squares. 

To  form  the  equations  filling  this  condition,  everything  in 
each  of  the  observation  equations  is  transposed  to  one  side 
and,  instead  of  zero,  the  other  side  is  called  e\  e"  e'  ",  etc.; 
thus  g  —  x  +  r  cos  2A  =  e' .  Each  equation  is  now  squared 
and  the  sum  is  taken,  giving  the  value  which  is  to  be  a  mini- 
mum. 

To  determine  this  minimum,  the  first  differential  coefficient 
of  the  sum  of  the  squares  of  the  equations  must  be  equated 
to  zero  and  so  taking  the  first  differential  coefficient  of  this 
expression  with  reference  to  one  of  the  unknowns,  say  x, 
equating  to  zero  and  comparing  with  the  observation  equa- 
tions and  it  is  seen  that  the  equation  involving  the  condition 
that  the  sum  of  the  squares  of  the  errors  shall  be  a  minimum 
is  obtained  by  multiplying  each  of  the  observation  equations 
by  the  coefficient  of  x  in  that  equation  and  taking  the  sum  of 
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all  the  equations  thus  formed.  The  same  process  is  gone 
through  with  for  each  of  the  other  unknowns ;  thus  for  jr, 
multiply  each  of  the  observation  equations  by  the  coefficients 
of  y  in  that  equation  and  take  the  sum  of  all  the  equations 
thus  formed.  Having  operated  in  this  manner  for  each  of 
the  unknowns,  there  results  as  many  equations  as  there  are 
unknowns  and  the  roots  of  these  equations  furnish  the  val- 
ues sought. 

If  the  purpose  of  the  observations  were  the  measurements 
of  a  single  quantity,  such  as  a  length,  the  form  of  the  observ- 
ation equation  would  be  /  =  jr,  and  to  find  the  most  probable 
value  of  jc,  the  sum  of  the  measurements  is  taken  and  di- 
vided bvthe  number  of  the  measurements  since  the  coefficient 
of  X  was  one  in  each  equation.  But  this  is  the  process  of 
finding  the  arithmetic  mean  and  it  thus  appears  that  the 
practice  of  taking  the  average  of  all  the  measurements  of  a 
quantity  as  the  most  probable  value  of  that  quantity  is  a 
particular  case  under  the  method  of  Least  Squares.  If  the 
observer  feels  that  on  account  of  circumstances  attending 
the  observations,  the  accuracy  of  some  of  them  can  be  de- 
pended upon  more  than  others,  the  equations  are  weighted 
as  it  is  called.  Thus,  if  the  accuracy  of  three  observations 
are  considered  to  be  in  the  ratios  of  1,  2  and  3,  the  second 
observation  equation  would  be  repeated  twice  and  the  third 
one  three  times  before  being  operated  on  by  the  usual 
method. 

When  a  formula  is  sought,  if  the  causes  which  are  of)erat- 

ing  are  known,  the  form  of  the  observation  equations  can 

usually  be  determined  by  mathematical  analysis;  in  other 

cases  such  empirical  formula  as 

jr  =  a  +  6x  +  ex*  +  dx^  +  etc., 

X  .    2x  3x 

and     y^=^a  +  b  sin  — +  c  sin f-  d  sin \-  etc. 

•^  n  n  n        . 

+  b.  cos  —  +  c,  cos  —  +  d,  cos  —^  +  etc. 
could  be  used. 


Camden  Astronomical  Society.  At  the  regular  meetings  of  the  Cam- 
den Astronomical  Society  held  during  the  present  year,  the  following  papers 
have  been  read :  On  the  probable  age  of  the  World,  by  R.  M.  Luther,  D.  D.: 
A  review  of  Borrclli's  "  De  Vero  Telescopii  Inventorc,**  by  H.  H.  Fumes,  Jr.: 
On  light,  by  T.Worcester  Worrell;  On  the  Date  of  the  Settlement  of  Ancient 
Egypt  trom  an  .\stronomical  point  of  view,  by  Edward  F.  Moody  ;  On  the 
Method  of  Least  S^iuares,  by  Herbert  Whitaker. 
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CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS. 


Mercury  will  be  visible  to  the  eye  on  a  few  evenings  in  the  latter  part  of 
December,  when  he  will  set  in  the  south  west  about  an  hour  and  a  half 
after  sunset.  He  will  be  at  greatest  elongation,  east  from  the  sun  19°  38', 
Dec.  27;  at  the  ascending  node  of  his  orbit  Jan.  2;  at  perihelion  Jan.  7,  and 
at  inferior  conjunction  with  the  sun  Jan.  13  at  11**  31™  a.  ic.  central  time. 

Venus  will  be  at  inferior  conjunction  Dec.  3  at  10:24  p.  ic.  central  time. 
At  that  time  Venus  will  be  only  36'  south  of  the  sun's  center  or  20'  from 
the  south  limb  of  the  sun.  Rev.  S.  J.  Johnson  (Observatoryt  Nov.  1890, 
p.  357)  calls  attention  to  the  possibility  of  seeing  the  thread  of  light,  due 
to  the  planet's  atmosphere,  encircling  Venus  at  the  time  of  this  conjunction. 
In  Dec.,  1866,  when  Venus  was  very  near  her  node  at  inferior  conjunction, 
and  passed  unusually  near  the  line  from  the  earth  to  the  sun.  Professor 
Lyman,  of  Yale  College  Observatory,  was  able  to  see  the  fine  thread  of 
light  completely  encircling  the  planet.  For  southern  observers  the  posi- 
tion of  Venus  at  this  conjunction  will  be  very  favorable  for  the  observation 
of  this  phenomena.  In  the  northern  hemisphere  the  low  altitude  of  the 
planet  is  unfavorable,  but  it  may  be  possible  for  observers  to  catch  glimpses 
of  the  planet  on  the  afternoon  of  Dec.  3,  or  the  morning  of  Dec.  4. 

The  article  on  Venus  by  G.  V.  Schiaparelli  is  concluded  in  the  November 
number  of  VAstronomie.  He  reaches  the  conclusion  that,  the  rotation  of 
Venus  is  very  slow,  the  period  being  probably  224.7  days,  or  the  same  as 
that  of  its  sidereal  revolution  about  the  sun,  and  about  an  axis  very  nearly 
perpendicular  to  the  plane  of  its  orbit.  That  is  to  say,  Venus  always 
keeps  the  same  side  toward  the  sun,  just  as  the  moon  does  to  the  earth, 
and  as  Mercury  also  does  to  the  sun. 

Mars  is  moving  rapidly  eastward  through  Aquarius.  The  change  in 
relative  position  of  the  two  bright  planets,  Mars  and  Jupiter,  has  been 
very  noticeable  during  the  past  month.  The  distance  of  Mars  from  the 
earth  is  now  about  one  and  one-half  times  the  distance  of  earth  from  sun, 
so  that  its  disk  is  very  small  and  but  little  detail  can  be  seen  upon  its  sur- 
face, under  ordinary  circumstances.  An  interesting  article  by  Dr.  Terby  on 
the  observations  of  Mars  during  this  opposition  is  given  in  U Astronomic 
for  November.  The  opposition  has  been  an  unfavorable  one  for  northern 
observers,  on  account  of  the  low  altitude  of  the  planet,  but  a  large  number 
of  Schiaparelli's  '*  canals "  have  been  identified  and  several  have  been  seen 
doubled.  Observations  by  Messrs.  A.  Stanley  Williams,  Schiaparelli,  Terby 
and  W.  H.  Pickering  are  cited. 

We  have  recently  had  the  pleasure  of  examining  two  fine  drawings  of 
Mars,  made  during  the  past  summer  by  Mr.  J.  £.  Keeler  with  the  great 
Lick  telescope,  which  show  several  of  the  canals.  But  the  most  noticeable 
features  of  one  of  these  drawings  were  two  white  projections  beyond  the 
terminator  of  the  planet  in  the  northern  hemisphere.  These  seem  to  in- 
dicate  the  presence  of  clouds  at  a  considerable  elevation  in  the  atmosphere 
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of  Mars.  They  were  so  obiious  as  lo  be  noticed  by  a  visitor  who,  looktng 
through  the  great  telescope  on  the  regular  \-isi tor's  night,  called  attention 
to  their  eiistence. 

Jupiter  is  getting  too  near  the  sun  to  be  well  observed,  but  may  be  peen 
for  about  three  hours  after  sunset  near  the  eoathwcst  horizon.  We  have 
been  permitted  to  examine  fonr  very  excellent  drawings  of  Jupiter  made  bj 
Mr.  Keeler  with  the  Lick  telescope,  three  of  them  during  the  present  j 
These  show  a  wonderful  amount  of  detail  upon  the  face  of  the  pisnet. 
interesting  fact,  about  which  there  has  been  considerable  dispute,  appc 

to  be  shown  by  these  drawings;  that  is,  that  the  dark  marldngs,  '        

have  a  shorter  period  of  rotation  in  the  same  latitude  with  the  great  spot, 
seem  to  flow  around  the  latter  as  they  pass  by  it,  just  as  the  water  of  a 
stream  flows  around  an  island,  Mr.  Kecier  says  that  it  is  undoubtedly 
true  that  dark  markings,  on  coming  up  to  the  red  spot,  are  forced  to  one 
side  and  crowded  together,  so  as  to  have  a  denser  appearance,  nnd  thai 
their  latitude  is  permanently  changed.  On  the  other  hand,  L' Astroaomie 
gives  ao  account  of  an  observation  made  by  M.  Stuyraert  at  Bfuxciles 
August  2S,  1S90,  when  the  red  spot  was  found  to  be  partially  c 
by  the  grey  temperate  band  of  the  southern  hemisphere.  This  obscrvatil 
was  confirmed  by  Messrs.  Niesten  and  Stuy  vaert  on  August  30,  wilcii  t 
same  appearance  was  again  noticed.  This  wonld  indicate  that  tlic  I 
spot  is  at  lower  level  than  the  dark  markings. 

iiaturn  may  be  observed  after  midnight.  He  may  be  easily  Ibund  I 
ward  the  east  in  the  lower  part  of  the  conatellation  Leo,  bdng  lingU 
than  any  of  the  stars  in  that  vicinity.  Saturn  will  be  at  quadrature  C 
cember  8,  and  stationary  in  right  ascension  December  28.  Mr.  Martltlk 
ephemeridea  of  the  satellites  of  Saturn  for  November  and  December,  189C 
have  just  come  to  hand  in  Monthly  Notices,  Vol.  L,  No.  9.  Those  for  iSt 
will  be  given  in  the  next  number  of  the  Monthly  Notices.  We  notice  th| 
Titan  will  be  in  transit  across  the  disk  of  the  planet  December  i.  infei 
co^junrtion  occurring  at  B.S"  p.  m.  central  time.  Titan  will  be  c 
December  13,  superior  conjunction  7"  south  of  Saturn's  center,  at 
U.    There  will  be  a  transit  of  Titan  again   December  20  at  B.i''   p.  I 

Vranui  may  be  seen  in  the  morning  after  3''  a.  m.  He  is  near  the  fi 
of  Virgo  about  10°  directly  east  from  Spica  and  2°  south  west  of  the  tl 
magnitude  star  «  Virginia. 

Neptane  may  be  seen  all  night.    In  the  early  evening  he  is  toward  j 
east.    The  groups  of  tlie  Pleiades  and  the  Hyades  with  the  bright  rrd  4 
Aldebaran  are  easily  recognized.    Neptune  la  about  one  third  of  the  wa] 
a  straight  line  ftom  Aldebaran  to  the  Pleiades.    A  telescope  of  consider 
ftowcr  will  be  needed  in  order  to  distinguish  this  planet  by  a 
diEfc- 

Date.  R.  A.  D«1. 

1890.  h      m  =      ' 

Dec.   35 1942.0    -2304         9  00  A.M.        las-op. )«.  5  So  f 

Jan.     4 so  i«-*    -  19  34         »  3*    "'  1  i3-9    "  5  S«    : 

"4 i93»-8    -  iH  aS         710    "  1157.a4.11.  444 

Dee.  as 1612.7    -1714  503  A.M.       936.24.11. 

Jan.    4 i6zz.6    —  16  50  4  32    "  9  sG.S    " 

14 1644-6     -17*7  4  '8    ■'  909-5    " 
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MARS. 

Date.  R.  A.  Decl.  Ri«c«.  Transits.  Sets. 

1890.  hm  ^'  hm  hm  hm 

Dec.  25 22  34.9     —    9  56         10  54  A.  M.  4  17-5  P.  M.  9  41  P.  M. 

Jan.    4 ^3  02-7     -    6  57         10  30    "  4  05.8    "  9  4^    " 

14 ^3  30.0    -    3  52         10  06    "  3  53.7    *'  9  42    " 

JUPITER. 

Dec.  25 21  02.6    —  17  39  9  59  a.  m.  2  49.3  p.  m.  7  40  P.  m. 

Jan.     4 ai  12.1    —  16  58         9  22    "  2  15.5    **  7  10    " 

14 21  21. 1     —  16  17  8  48    *'  I  45.2    "  6  42    ** 

SATURN. 

Dec.  25 II  15.9    +651         ioa6p.  M.  4  SM  a.  m.  ii  27  a.  m. 

Jan.  4 II  15-7  +  6  55    9  46  "  4  16.8  ♦«  10  48 

14 II  14.9  +  7  03    9  05  "  3  36.6  "  10  08 

URANUS. 

Dec.  25 13  54.8      —  II    12  2  23  A.  M.  7  38.8  A.  M.  12  55  P.  M. 

Jan.    4 1356.0    -  II  18  I  43    **  7007    "  w  I9    " 

14 1357.0     —  II  23  I  05    "  6  22.4    "  II  40  A.  M. 

NEPTUNE. 

Dec.  25 4  12.0    +  19  27  2  29  p.  M.  9  53.5  p.  M.  5  18  a.  m. 

Jan.     4 4  ii.o    +  19  25  »  49    "  9  i3-3    "  4  3«    " 

14 4  10.3    Hr  19  23  I  08    "  8  33.2    •*  3  57    " 

THE  SUN. 

Dec.  20 17  55.1     —  23  27  7  34  A.  M.  11  58.0  a.  m.  4  22  p.  m. 

25 18  17.3    —  23  24  7  36    "  12  00.5  p.  M.  4  25    " 

30 18  39.4    —  23  09  7  37    "  12  02.9    "  4  29    *' 

Jan.    4 19  01.5     —  22  42  7  37    "  «  05.2    "  4  33    " 

9 19  23.4    —  22  04  7  36    "  12  07.4    **  4  39    ** 

14 19  45.0    —  21  16  7  34    "  12  09.4    "  4  45    " 

THE  MOON. 

Dec.  20 I  47.9    +    7  01  I  15  p.  M.        7  50.1  P.  M.  2  38  A.  M. 

25 6  20.3    4-25  10  3  55     "  12  02.1  A.  M.  8  II     " 

30 10  42.5    -|-  13  44  8  50    "  4  03.3    "  II  15    " 

Jan.     5 14  32.7    —  II  52         2  05  A.M.  7  33-6    "  12  56P.M. 

10 19  37.6    —  24  47  7  54    "  12  18.0  P.M.  4  45 

15 o  40.1     —    o  46        10  56    *•'  5  00.2    "  II  17 


« 


Phases  and  Aspects  of  the  Moon. 

Central  Time, 

d        h  ra 

First  Quarter 1890  Dec.    18     2  36  p.m. 

Full  Moon "         "      25  11  57     " 

Last  Quarter 1891  Jan.      3     4  12  A.  M. 

New  Moon "         "      10     9  25     " 

Apogee 1890  Dec.    30     8  00  p.  m. 

Perigee 1891  Jan.    11     7  48 


(t 


Occultations  Visible  at  Washington. 

IMMERSION.        EMERSION. 

Star's          Magni.         Wash.    Angle  f  m     Wash.  Angle  f  *m  Dura- 
Date.                Name.            tnde.        Mean  T.     N.  P't.      Mean  T.  N.P't.  tion. 

Dec.   15. ..33  Capricomi      5-5         ^  36          95            7  31  215  o  55 

18...B.A.C.  17             o             6  50          99           7  43  188  o  53 

19...26  Ceti                  6             8  56          69          10  07  223  III 

19...29  Ceti                  6.5         II  36          70          12  36  235  I  00 

2 1. ..38  Arietis             5.             9  01          82          10  16  215  I  15 

Jan.  7...39  Ophiuchif  5.5  17  10  167  17  40  227  o  30 
t  Multiple  star. 
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Saturn's  Satellites. 

[Central  Time;  E  =  eastern  elongation;  I  =  inferior  conjunction;  W 
•  western  elongation  ;  S  =  superior  conjunction.] 

JAPETUS. 

Dec.  28  E.      Jan.    16  11.2  a.  m.  I. 

TITAN. 

Dec.  17    5.4  a.  m.  E.       Dec.  29    4.7  a.  m.  S.       Jan.    9    8.9  p.  m.  W. 

21  5.1      "    I.        Jan.     1  11.6  p.  m.  E.  14  12.5  a.  m.  S. 
25    4.9      "    W.                  5     6.9     "     I. 

RHEA. 

Dec,  17  11.6  p.  M.  E.       Dec.  31  12.8  p.  m.  E.      Jan,  14    1.6  a.  u,  E. 

22  12.0     M.    E.       Jan.     5  12.9  A.  M.  E. 
27  12.5  A.  M.  E.  9    1.3  P.  M.  E. 


DIONB. 


Dec.  15 

8.3  A.  M.  E. 

Dec.  26    7.2  a.  m.  E. 

18 

2.0  A.  M.  E. 

29  12.8  A.  M.  E. 

20 

7.7  P.  M.  E. 

31     6.4  p.  M.  E. 

23 

1.4  P.  M.  E. 

Jan.  31  12.1  p.  u.  E. 

Jan.    6    5.8  a.  m.  E. 

8  11.5  p.  M.  E. 

11    5.lP.  M.  E. 

14  10.8  A.  M.  E. 


TETHYS. 


Dec.  16  12.3  A.  M.  E.  Dec.   27    8.2  A.  M.  E.  Jan.    7    3.6p.  m.  E. 

17    9.7  P.  M.  E.  29    5.5  A.  M.  E.  9  12.9  P.  m.  E. 

19    7.0  P.  M.  E.  31    2.8  A.  u.  B.  11 10.2  a.  m.  E. 

21    4.3  p.  M.  E.  Jan.     1  11.8  p.  M.  B.  13    7.6  a.  m.  E. 

23    1.6p.  M.  E.  3    9.0P.  M.  E. 

25  10.9  A.  M.  E.  5    6.3  p.  M.  E. 


Phenomena  of  Jupiter's  Satellites. 

Central  Time.  Central  Time. 

Dec.  17...  4*33  P.M.  IV.  Ec.  Dis.  Dec.  26...  6  16  p.m.  III.  Sh.  Eg. 

17   5  05   "   II.  Oc.  Dis.  26   5  38  "    II.  Tr.  Eg. 

19   4  54   "   II.  Sh.  Eg.  27   4  35  "    I.  Tr.  Eg. 

26   4  22   •*   II.  Sh.  In.  27   5  24  "    I.  Sh.  Eg. 

26   5  01   "    I.  Oc.  Dis. 


Minima  of  Variable  Stars  of  the  Algol  Type. 

Star's  Name.        R.A.        Dec!.        Central  Times  of  Minima. 

h   m     •  o      / 

U  Cephei          0  52  32  +  81  17  Dec.  20,  4  a.m.;  25,    3  A.M.;  30,    3  a.m. 

Jan.     4,  3  A.M.;    9,    2  a.m.;  14,    2  a.m. 

Algol                3  01  01  +  40  32  Dec.  28,  2  a.m.;  30, 10  p.m.; Jan.  2, 7  p.m. 

R  Canis  Maj.  7  14  30  -  16  11  Dec.  16,  midn.;  18,    3  a.m.;  19,    6  a.m. 

Dec.  26,  2  A.M.;  27,  5  a.m.;  Jan.  3,1  a.m. 

Jan.     4,  4  a.m.;  10,  midn.;     12,    3  a.m. 

5  Cancri  8  37  39  +  19  26  Dec.  25, 11  p.m.;  Jan.  12,  10  p.m. 

6  Librae         14  55  06  —    8  05  Dec.  21,  5  A.M.;  28,    5   A.M. 

Jan.     4,    4  a.m.;  11,    4   a.m. 
U  Coronas     15  13  43  +  32  03  Dec.  23,    6  a.m.;  30,    3   a.m. 


A  Central  Eclipse  of  the  Sun  will  occur  on  Dec.  11  beginning  at  6^  22™, 
and  ending  at  11*^  43°*  central  time.  It  will  be  invisible  in  the  United 
States,  and  only  visible  in  Australia  and  the  South  Polar  Seas. 
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COMET  NOTES. 


Ephemeris  of  Comet  1890  IL  (Brooks  March  19),  As  BidschoflPs 
elements  given  in -4.  AT.,  Vol.  124.,  p.  301,  still  represent  the  observations 
sufficiently  well,  being  obtained  from  long  intervals,  I  have  computed  the 
following  ephemeris  from  them  for  December.      ■ 

The  constancy  of  the  light  at  the  present  time  is  worthy  of  note.  If  we 
call  the  light  on  December  1  unity,  the  light  on  Dec.  31  will  be  1.01,  and  on 
February  1, 1891  0.98;  while  on  November  1,  it  was  1.08.  As  the  comet 
is  also  becoming  still  more  favorably  situated  for  observation,  with  re- 
spect to  the  sun,  it  probably  will  be  visible  for  some  time  to  come : 


Gr.  M.  T. 

App. 

R. 

A. 

App.  Dec. 

Log.  r. 

Log.  J. 

h 

m 

8 

o 

/ 

Dec.   1.5 

13 

9 

49 

+  26 

10 

0.4620 

0.4921 

2.5 

9 

34 

26 

13 

3.5 

9 

18 

26 

16 

4..5 

9 

1 

26 

20 

5.5 

8 

42 

26 

23 

0.4670 

0.4875 

G.5 

8 

22 

26 

27 

7.5 

8 

1 

26 

31 

S.5 

«« 
1 

38 

26 

36 

9.5 

7 

15 

26 

40 

0.4720 

0.4827 

10.5 

6 

50 

26 

45 

11.5 

6 

24 

26 

50 

12.5 

5 

56 

26 

55 

13.5 

5 

27 

27 

0 

0.4769 

0.4775 

14.5 

4 

57 

27 

5 

15.5 

4 

24 

27 

11 

16.5 

3 

52 

27 

17 

17.5 

3 

15 

27 

23 

0.4818 

0  4721 

1H.5 

2 

38 

27 

29 

19.5 

1 

59 

27 

36 

20.5 

1 

19 

27 

42 

21.5 

13 

0 

37 

27 

49 

0.4866 

0.4666 

22.5 

12 

59 

53 

27 

56 

23.5 

59 

8 

28 

4 

24.5 

58 

20 

28 

11 

25.5 

57 

31 

28 

18 

0.4914 

0.4610 

20.5 

50 

40 

28 

26 

27.5 

55 

47 

28 

34 

2.S.5 

54 

52 

28 

42 

29.5 

53 

55 

28 

51 

0.4962 

0.4554 

30.5 

52 

56 

28 

59 

Dec.  31.5 

12 

51 

54 

29 

8 

Feb.  1.5 

11 

59 

26 

+  34 

19 

0.5353 
0.  C. 

0.4225 
We.ndell. 

Harvard  College  Observatory,  Oct. 

11, 1890 

■ 

D\Ar rest' s  Comet .  D' Arrest's  Comet  has  liecn  observed  by  mc  with  the 
lO'b-inch  refractor,  which  now  shows  it  well,  although  I  have  searched  for 
the  comet  several  times  during  the  summer  and  autumn  previous  to  its  de- 
tection by  Barnard.  This  indicates  that  the  comet  has  been  growing 
brighter  of  late,  although  the  theoretical  brilliancy  should  have  been 
greatest  about  the  first  of  September.  On  November  5th  I  found  the  comet 
to  be  in  R.  A.  21^  13™  20',— 27°  31'.    On  Nov.  6  in  R.  A.  21>»  17"»  20,-27° 
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28'.  These  places  agree  well  with  the  sweeping  Bphemeris  published  in  the 
A.  N.  The  comet  is  rather  faint,  pretty  large,  and  with  very  slight  central 
condensation.  William  R.  Brooks. 

Smith  Observatory,  Geneva,  N.  Y.,  Nov.  8th,  1890. 


D' Arrest* s  Comet  on  Nov.  4  was  easily  seen  with  our  8-inch  refractor. 
It  was  quite  large  and  diffuse,  having  no  distinct  central  condensation 
which  might  be  taken  as  the  point  of  measurement.  The  following  ephem- 
eris  by  M.  Leveau  indicates  that  it  may  be  visible  for  some  time  yet: 

Bphemeris  of  d* Arrest's  Comet. 


Paris  Noon 

R.  A. 

Decl. 

Brightness. 

Dec.     2 

22»»44.9™ 

-  22° 43' 

0.22 

6 

22  57.0 

21  44 

10 

23  08.7 

20  42 

0.18 

14 

23   19.9 

19  39 

18 

23  30.8 

18  35 

0.15 

22 

23  41.4 

17  31 

26 

23  51.7 

-  16  26 

0.12 
Astr.  Nacb.  2959 

Comet  e  IS90— (Zona) — A  telegram  was  received  November  17,  an- 
nouncing the  discovery  of  a  bright  comet  by  Zona  at  Palermo,  Nov.  15 
.3963  Gr.  m.  t.  in  right  ascension  5*»  35™  53.9'  and  declination  north  33° 
23'  00".  Its  daily  motion  is  westward  in  right  ascension  4™  48',  in  de- 
clination north  17'. 


Elements  and  Bphemeris  of  Comet  e  1890.    The  following  elements  and 

ephemeris  of  Comet  e  1860  were  computed  by  W.  W.  Campbell,Observatory 

at  Ann  Arbor,  Michigan,  based  on  observations  of  Nov.  15,  18  and  19. 

T  =  July  20.17 
a>  =  317°      35' 


Q 

—     84 

25 

• 

1 

—  153 

02 

<i 

—  1.8229 
Bphemeris. 

Gr.  M.  T. 

R.  A. 

Decl. 

L. 

1890.    Nov.  21 

5»»  l».l 

34°  38' 

0.97 

25 

4  37  .2 

35       2 

29 

4  14  .5 

35      9 

Dec.     3 

3  52  .5 

34    56 

0.81 

The  comet  discovered  by  Spitaler  Nov.  16.643  in  right  ascension  5** 
27"  16',  and  in  declination  33°  38',  is  reported  not  found  by  other  ob- 
servers. It  is  undoubtedly  Zona's  Comet  which  was  seen  at  Northfield  on 
the  evenings  of  Nov.  17  and  18.    It  was  faint. 


Comet  flSPO— (Spitaler).— A  telegram  was  received  November  18,  an- 
nouncing the  discovery  of  a  faint  comet  by  Spitaler,  at  Vienna,  Nov. 
16.6435  in  right  ascension  5>»  27™  16.9'  and  declination  north  33°37'16", 
Had  it  not  been  for  the  words,  "unhideth  not  Zona,"  in  the  telegram,  we 
should  at  once  have  pronounced  this  an  observation  of  Zona's  comet.  The 
word  unbidetb  is  not  found  in  the  code. 
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One  of  these  coiuets  was  observed  at  Northfield  on  the  night  of  Kovem- 
bcr  17,  but  the  comparison  star  was  so  faint  that  we  have  been  unable  to 
identify  it  with  any  in  the  catalogues.  The  comet  was  vety  faint  and  dtffi- 
cnlt  to  observe.  It  was  not  more  than  1'  in  diameter,  with  a  slight  central 
condensation.  It  was  Men  again  on  the  18th,  bat  was  too  faint  to  ob- 
serre  in  the  moonlight. 


Solar  Promiaencea  for  October. 


DATE. 

POSITION  ANGL.B. 

31 

277. 

Number  of  Observations,  18.  Number  of  Prominences,  74.  Mean 
Number  of  Prominences,  4.11.  Highest  Prominence  on  the  17th  at  P. 
99.    Height  96". 

Camden  Observatory  November  1st,  1690. 


Smith  Observatory  Observations.  The  following  solar  observations 
were  made  with  telescopes  nnless  otherwise  stated.  They  were  taken  by 
Charles  E.  Peet: 


_. 

1 

im. 

Ml*  Uer. 

d 

« 

< 

RamarliB 

i 

? 

Oct     1« 

USS 

^ 

^ 

3:Mpil> 

GHIB.  Kuod. 

19 

" 

Oroop  too  near  Sonth  eoal  Jlmb  la  eoilllt 
lbs  ipou  aouanUI;. 

la 

Good. 

Ornii.  good. 

'  ProJaetloD  op  10  ci 


Smith  Observatory.  Beloit  College,  Nov.  16, 1890. 


Chas.  a.  Bacon. 


[/.S.  A'ara/Oi>serrAtorf  Report  for  the  yearendingjune  30,  1890,1 
just  come  to  hand. 
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Carleton  College  Sanspot  Observations.    (Continued  irom  page  418.) 


,». 

Time. 

3 
I 

1 

1 

ObBerrem. 

».»„... 

M 

ISM 

11:00 

llioE 

13:M 
1S;3S 

Igr 

",?" 

into   tbn*  puriB   Lj   linhi   dibuh   ud 
Mrenks-  W  iipotii  In  lararjr  in-nnp. 

Planetoid  ill)  Parthenope.  The  followinR  epiicmcris  is  furnished  by 
Professor  Robert  Luther  of  the  Observatory  nt  DUssehlorf,  in  the  hope  that 
observations  may  be  maile  in  this  countri-.    The  mnjinitudc  of  the  Planet- 


9.7  at  ojiposilii 

Berlin  Midn. 

1890. 


■cDec.  29,  1«90: 


+  13     13  15.1 

15  20.3 

17  28.1 

10  3H.4- 


■15  IT.+l 

44  1.^.6(•. 

43  13.31 

+li  10.4+ 

41  7.14 

44 »  a.4(i 

38  .->fl.+y 

37  55.30 


U.223459 
222477 

220723 
210951 
219252 
21S(120 
21807:i 
21  759-J 
217192 
21tiHG.". 
216614 
21fi440 
21634:1 
2ir.323 
2163f*l 
21(iiilG 
216729 
217019 
2173S6 


Time. 
13    43 


■'7 

IS.liT 

10 

47.1 

220373 

13 

18.2 

221196 

i,-..i)r. 

];> 

48.9 

222093 

"4 

1.-..94- 

IH 

19.2 

223063 

1G.7K 

20 

49.1 

224HM. 

■•:'■ 

18,5.1 

■■■A 

18.5 

223210 

?i 

21.32 

■.•r^ 

47.3 

220397 

2" 

25.14 

28 

15.5 

227646 

I'l 

30.09 

30 

43.0 

2289fil 

1M 

36.23 

9.8 

230341 

17 

43.62 

+ 

20 

35 

35.8 

0.231783 

Current  Celestial  Phenomena.  469 

New  Planetoids  Nos.  299  and  300.  Planetoid  No.  299  was  discovered 
bj  Palisa,  at  Vienna,  October  6.  4883  Gr.  M.  T.  in  R.  A.  2^  16™  20.8%  de- 
clination north  15°  18'  25",  magnitude  13th.  No.  300  was  discovered  by 
Palisa,  November  16.  4403  in  right  accension  3*»  12"  50.5',  declination 
north  10°  14'  33".  Magnitude  13th.  Daily  motion  westward,  52%  south- 
ward, 3'. 

Wolsingham  Observatory  Circular  No.  27.    The"Star  D.  M.  -f  33°.470; 

R.  A.  W>  28"  16M>ecl.  +  33.°  38',  (1855)  Mag.  9.2,  was  observed  on  Nov. 

7  as  7.5.  OR.  Ill  Type.    The  star  is  probably  variable. 

T.  E.  EsPiN. 
Nov.  10,  1890. 


NOTES  AND  NEWS. 


A  ver3'  considerable  number  of  subscriptions  expire  with  this  number  of 
the  Messenger.  Our  friends  will  oblige  us  by  promptl3'  writing  us,  if  they 
desire  its  continuance  for  the  vear  1891. 


The  promptness  with  which  renewals  of  subscriptions  have  been  made 
during  the  last  two  years,  has  been  an  unexpected  pleasure  to  us,  especially 
in  view  of  the  increase  of  price  during  that  period. 


Aid  for  Messenger  Illustrations.  It  will  be  noticed,  by  a  circular  from 
Professor  Pickering,  elsewhere  given,  that  the  Messenger  has  been  very 
kindly  and  generonsh'  remembered  recently,  with  a  considerable  gift  of 
money  to  be  used  in  illustrating  its  articles.  Miss  C.  W.  Bruce,  of  New 
York  City,  is  the  donor.  We  are  delighted  with  the  company  in  which  she 
places  the  Messenger  in  her  late  benefaction. 


James  B.  Keeler  of  Lick  Observatory  visited  the  Observatory  of  Carle- 
ton  College,  Northfield,  Minn.,  on  his  way  eastward  a  few  days  ago.  His 
stay  for  two  days  was  a  treat  for  all  interested  in  science.  He  gave  two 
informal  talks  while  in  Northfield ;  one  before  the  Cosmos  Club  in  the  City, 
on  the  great  Lick  Telescope,  explaining  the  three  lines  of  astronomical 
work  it  is  adapted  to  do,  viz: — Visual  observation,  photograplu'  and  spec- 
troscopic observation;  and  the  other  before  the  College  Astronomy  Class 
and  a  company'  of  risitors  from  one  of  the  high  schools  of  Minneapolis. 
The  aim  of  the  last  talk  was  to  give  something  of  the  method  of  work  in 
studying  the  motions  of  the  nebulae  by  the  aid  of  the  spectroscope  when  at- 
tached to  the  great  equatorial  at  Mt.  Hamilton.  His  presentation  of  this 
new  line  of  work  was  so  clear  and  definite  that  the  young  people  readily 
understood  it,  and  were  enthusiastic  in  praise  of  what  they  heard  and  the 
manner  of  presenting  it.  He  also  exhibited  his  late  (Jra  wings  of  the  planets 
Jupiter  and  Mars,  showing  the  fine  surface  markings  of  the  former,  and 
some  features  on  the  terminator  of  the  latter,  as  revealed  by  the  great  tele- 
scope, which  we  have  never  seen  or  known.    As  specimens  of  drawings  the 
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pictnres  were  surpaasingly  excellent.  The  great  red  spot,  the  roand  i 
apots,  the  narrow  dark  bands  veering  around  the  red  siiot,  the  dongatc 
circular  openings  in  the  great  belt,  with  the  deep  red  color  at  the  bottom  ■ 
them,  were  features  of  absorbing  interest  in  Jupiter's  surface  markio)^ 
On  the  surface  of  Mars,  the  great  telescope  did  not  show,  at  the  Inst  o 
position,  as  much  as  Schiaparelll  claims  to  have  seen  at  other  ti 
this  is  what  might  be  expected,  for  the  opposition  was  not  a  favorable  odj 
for  visnal  study.  But.  in  one  of  the  pictures  of  Mars,  was  shown  a 
remarkable  phenomenon  which  has  been  spoken  of  more  fully  in  the  plAtM 


Mr.   Kceler"s  visit  at  NortUfield  was  a  source  of  plea 
that  will  lo;ig  be  remembered  by  those  who  met  liim. 


"  Father  Perry  Memorial."  We  have  noticed,  with  interest,  the  mov^ 
ment  that  has  l>een  recently  going  on  to  secure  a  Memorial  to  the  tR^ 
Stephen  Joseph  Perry,  F.  R.  S.,  the  distinguished  astronomer  of  Stonj-hui 
College.  Sugland.  A  short  time  ago  a  meeting  was  held  under  tfarp 
dency  of  Sir  Edward  Watkin.  Bart,,  M.  P.,  at  which  it  was  judged  t 
such  a  Memorial  would  be  sure  to  command  general  support.  Il  hi 
been  decided  that  the  best  mode  of  perpetuating  '■  Father  Perry's' 
wouldbeto  continue  the  important  astronomical  work  which  be  has  begun 
andsDwell  continued  for  years  past.  This  work  at  Stonyhurst  Obscrvatorr 
has  long  been  hampered  by  the  insufficiency  of  light  supplied  by  the  present 
S-inch  object  glass.  It  is  proposed,  therefore,  either  to  provnre  a  new  tHc- 
Rcope  with  a  15-inch  object  glass,  or  to  furnish  the  present  equatorial  s 
with  A  15-iach  objective.  This  would  require  £2,700  for  tlie  complete  t< 
scope  and  house,  while  £700  would  suHice  for  the  objective  alone.  VTIu^ 
CTer  plan  is  carried  out,  the  telescope  and  the  house  in  which  it  stands  « 
bear  the  name  of  the  "  Father  Ferry  Memorial."  and  the  work  done  witli  ^ 
■will  be  published  under  that  name.  Ail  persons  desiring  to  snhscribe  H 
this  worthy  object  are  invited  to  send  their  gifts  either  to  the  "  Fathl 
Perry  Memorial"  account  at  the  L.ondon  Joint  Stock  Bank,  limited.  Pa 
Mall  Branch.  London.  S.  W.;  or  to  Arthur  Chilton  Thomas,  Secrctmrj-  nd 
Treasurer,  Marldon  Clinmbcrs,  30  North  John  Street,  Liverpool,  Bnglnnd^] 

The  committee  in  charge  of  this  nndertaking  contain  the  names  amoa 
Others,  of  the  following  well  known  astronomers :— Robert  S.  Ball,  Rojri 
Astronomer,  Ireland;  W.  H.  H.  Christie.  Astronomer  Royal,  Bogland: 
A.  Common;  Ralph  Copcland,  Royal  Astronomer  for  Scotland;  EdwM 
S.  Holden  of  Lick  Observatory;  J.  Janssen,  of  France;  J.  Norman  Lockjrcj 
of  England,  and  C.  A.  Young,  of  Princeton. 

This  worthy  enterprise  is  heartily  commended  to  the  attention  of  tl| 
readers  of  the  Meksbngeb. 


The  Western  Union  Time  Service.  Comodorc  Dewey,  chief  of  the  eqtiigj 
ment  bureau  of  the  Navy,  makes  this  statement  in  his  late  report : 

"  A  most  notable  filature  in  the  affairs  of  the  bureau  in  connection  with 
the  estcnsivc  telegraphic  time  service,  which  has  become  established  and 
Apparently  indispensable  commercial  factor  centering  at  the  Naval  Obanr- 
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atoty,  has  been  a  concerted  attack  upon  the  prevalent  system  by  a  large 
nnmber  of  observatories  located  throufs^hout  the  United  States,  the  object 
being  to  break  up  the  system  in  order  that  time,  which  is  now  famished 
without  cost  from  the  Naval  Observatory,  may  be  distributed  and  charged 
for  at  these  minor  observatories  as  a  means  contributing  to  their  main- 
tenance. It  is  held  by  the  petitioners  that  this  system  should  be  discontin- 
ued by  the  government  to  encourage  private  astronomical  institutions  of 
the  United  States.  The  subject  has  been  strongly  and  earnestly  presented 
by  the  directors  of  these  institutions  and  detail  considerations  of  a  most  in- 
teresting character  enter  into  the  discussion.  A  recommendation  has  been 
made,  in  view  of  the  great  importance  of  the  present  system  to  commerce 
throughout  the  country  on  the  one  hand,  and  of  the  strong  case  presented 
by  the  petitioners  on  the  other  hand,  that  the  subject  be  referred  to  a  com- 
mission, which  shall  broadly  represent  business  and  scientific  interests,  for 
examination  and  report.'* 

After  somewhat  carefully  canvassing  the  matter  it  seems  to  us  the 
wise  course  now  to  take,  is  to  have  this  whole  matter  investigated  by  a 
committee  from  Congress,  that  the  country  may  know  the  truth  of  the 
unanswered  charges  that  have  been  preferred. 


New  Naval  Observatory.  We  notice  still  further  in  Commodore 
Dewey's  report,  that  work  on  the  new  Naval  Observatory  has  not  pro- 
gressed satisfactorily  from  a  variety  of  causes,  some  natural  and  unavoid- 
able, and  some  blameworthy.  It  is,  however,  considered  probable  that  the 
new  buildings  will  be  ready  for  use  in  the  early  part  of  the  fiscal  year  1891- 
92. 

The  Secretary  of  the  Navy  has  appointed  H.  E.  Damrell,  of  New  York, 
to  be  superintendent  of  construction  at  the  new  buildings  in  the  place  of 
Mr.  Grant  who  has  held  the  position  since  the  work  began. 


Astronomy  in  Popular  Magazines,  Almost  every  month  some  of  the 
popular  magazines  contain  useful  articles  on  themes  from  some  branch  of 
Astronomy  by  able  scientific  writers.  We  have  often  reprinted  such  arti- 
cles, sometimes  made  brief  extracts  from  others,  and  sometimes  tried  to 
give  abstracts  of  still  other  important  ones,  when  space  at  command  was 
insufficient  for  fuller  notice.  This  feature  has  seemed  to  please  many  of  our 
readers  judging  by  the  favorable  letters  received,  and  we  now  call  atten- 
tion to  this  point,  to  ask  our  readers  to  do  us  the  favor  of  notifying  us 
promptly  when  any  worthy  article  appears  in  any  periodical,  that  all  the 
readers  of  this  magazine  may  have  the  benefit  of  the  same. 


Astronomical  Papers  for  the  American  Epbemeris,  The  irregular  in- 
tervals at  which  these  papers  have  appeared  leading  to  frequent  inquiries 
about  supposed  missing  parts,  the  following  statement  is  issued  for  the 
information  of  recipients: 

1.  The  general  plan  is  to  issue  the  papers  in  parts,  so  paged  and  ar- 
ranged that  they  can  be  bound  into  a  volume  of  which  the  paging  is  con- 
tinuous.   A  title  page  and  table  of  contents  accompanies  the  concluding 
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part  of  each  volume,  thus  enabling  the  completion  of  the  volume  to  be 
recognized. 

2.  The  catalogue  of  1,098  Standard  Clock  and  Zodiacal  Stars  forms 
Part  IV  of  Volume  I,  which  was  completely  published  in  1882,  but,  unlike 
the  other  parts,  the  separate  issues  are  bound  in  cloth. 

3.  Volumes  II  and  III  are  still  incomplete;  the  fifth  part  of  Volume  II 
is  nearly  ready,  and  the  concluding  (sixth)  part  of  Volume  III  is  now  in  the 
printers'  hands,  but  is  not  likely  to  be  issued  before  the  end  of  the  present 
year.  I  hope  it  will  be  speedily  followed  by  the  concluding  part  of  Volume 
II. 

4.  Volume  IV  is  issued  complete,  and  i»  now  in  distribution. 

S.  Newcomb, 

Superintendent  Nautical  Almanac. 


Motion  of  the  Atmosphere  at  High  Elevation.— In  the  August  number 
of  the  Sidereal  Messenger,  Professor  H.  A.  Hazen  alluded  to  our  scanty 
knowledge  of  the  direction  of  motion  of  the  upper  strata  of  our  atmos- 
phere, and  it  may,  therefore,  not  be  amiss  to  describe  to  your  readers  a 
personal  observation  made  on  the  morning  of  Nov.  14th,  1867.  It  will  be 
remembered  that  this  was  the  time  of  the  occurrence  of  the  latter  end  of 
the  November  14.th  star-shower  which,  on  the  same  date  of  the  previous 
year,  had  taken  place  on  the  eastern  continent.  I  had  observed  in  all  its 
indescribable  glor}'  the  great  star-shower  of  1833,  and,  inasmuch  as  its  re- 
petition  in  thii-ty-thrcc  years  and  one  day  had  been  visible  in  Europe  in- 
stead of  America,  I  felt  quite  certain  that  in  just  a  year  quite  a  shower 
would  appear  on  the  American  side  of  the  earth,  and  made  arrangements 
for  its  observation.  During  the  display  I  counted  896  shooting- stars. 
How  many  I  lost  in  a  cessation  of  twenty'  minutes  I  cannot  know.  Many 
were  bright  and  left  visible  trains  in  their  wake,  but  only  one  was  seen 
long  enough  to  determine  accurately  the  direction  of  its  motion.  This  ex- 
ploded near  the  southern  limit  of  Cancer,  and  disappeared  near  its  north- 
em  boundary-;  its  visibility  lasted  for,  at  least,  twenty  minutes.  Its 
changes  of  form  were  ver>'  numerous  and  interesting,  resembling,  at  times, 
several  capital  letters  of  the  alphabet,  sometimes  like  U,  then  S,  but  more 
frequently-  like  X.  Its  motion  was  very  slow  exactly  north,  nearly  over 
my  zenith.  About  five  minutes  l:)efore  its  final  disappearance,  it  centrally 
transited  Pra*seije  and,  while  in  transit,  not  a  trace  of  the  meteoric  debris 
was  visible.  After  gathering  itself  into  a  globular  mass,  it  disappeared 
some  5°  or  8°  north  of  IVa*sepe.  I  was  particularly  observant  of  the  direc- 
tion of  its  path,  having  in  mind  Eccl.  1:G. 

It  is  highly  probable  that  the  direction  of  motion  of  the  upi)cr  strata 
of  our  atmosphere  is  somewhat  variable,  though,  judging  from  the  above 
phenomenon,  and  also  from  that  of  the  trade  winds,  I  am  of  the  opinion 
that  north  of  the  equator  its  direction  of  motion  is  generally  northward, 
and,  hut  for  the  rotatory  motion  of  the  earth,  would  be  undeviatingh-  so. 

Lewis  Swift. 

Warner  Observatory,  Rochester,  N.  Y.,  Nov.  12,  1890. 


News  and  Notes.  473 


Aid  to  Astronomical  Research,  A  circular  was  issued  last  summer 
announcing  the  gift  by  Miss  Bruce,  of  six  thousand  dollars  (f  6,000)  for 
aiding  astronomical  research.  No  restrictions  were  made  upon  its  expen- 
diture which  seemed  likely  to  limit  its  usefulness,  and  astronomers  of  all 
countries  were  invited  to  make  application  for  portions  of  it,  and  sugges- 
tions as  to  the  best  method  of  using  it.  Eighty-four  replies  have  been  re- 
ceived, and  with  the  advice  of  the  donor  the  entire  sum  has  been  divided  so 
as  to  aid  the  following  undertakings:— 

3.    Professor  W.  W.  Payne,  Director  of  the  Carlcton  College  Observatory. 

Illustrations  for  the  Sidereal  Messenger. 
6.    Professor  Simon  Xewcomb,  Superintendent  of  the  American  Nautical 
Almanac.    Discussion  of  contact  observations  of  Venus  during  its 
transits  in  1874  and  1882. 

16.  Dr.  J.  Plassmann,  Warendorf.  For  printing  observations  of  meteors 
and  variable  stars. 

23.  Professor  H.  Bruns,  Treasurer  of  the  Astronomische  Gesellschaft.  To 
the  Astronomische  Gesellschaft  for  the  preparation  of  Tables  ac- 
cording to  Gylden*8  method  for  computing  the  elements  of  the  as- 
teroids. 

27.  Professor  T-  J.  Astrand,  Director  of  the  Observatory,  Bergen,  Norway^. 
Tables  for  solving  Kepler's  Problem. 

2&.  Professor  J.  C.  Adams,  Director  of  the  Cambridge  Observatory',  Eng- 
land. Spectroscope  for  the  27-inch  telescope  of  the  Cambridge  Ob- 
servatory. 

36.  Professor  A.  Hirsch,  Secretary  of  the  International  Geodetic  Associ- 
ation. To  send  an  expedition  to  the  SandvNrich  Islands  to  study  the 
annual  variation,  if  any,  in  latitude. 

40.  H.  H.  Turner,  Esq.,  Ansistant  in  Greenwich  Observatory.  Preparing 
tables  for  computing  star  corrections. 

4-5.  Professor  Edward  S.  Holden,  Director  of  the  Lick  Observatorj'.  Re- 
duction of  meridian  observations  of  Struve  stars. 

4-6.  Professor  Lewis  Swift.  Director  of  the  Warner  Observatory'.  Photo- 
graphic apparatus  for  fifteen-inch  telescope. 

54.  Professor  Norman  Pogson,  Director  of  Madras  ObserA'atory.  Publica- 
tion of  old  observations  of  variable  stars,  planets,  and  asteroids. 

57.  Dr.  Ludwig  Struve,  Astronomer  at  Dorpat  Observatory.  Reduction 
of  observations  of  occultations  during  the  lunar  eclipse  of  Jan.  28, 
1888,  collected  by  the  Pulkowa  Observatorj'. 

60.  Dr.  David  Gill,  Director  of  the  Observ'atory  of  the  Cape  of  Good  Hope. 
(1)  Reduction  of  heliometer  observations  of  asteroids.  (2)  Ap- 
paratus for  engraving  star  charts  of  the  Southern  Durchmusterung. 

78.  Professor  A.  Safank,   Prague.  '  Photometer   for  measuring  variable 

stars. 

79.  Professor  Henry  A.  Rowland,  Johns  Hopkins  University.    Identifica- 

tion of  metals  in  the  solar  spectrum. 

Of  the  remaining  replies  many  describe  wants  no  less  urgent  than  those 
named  above.  Some  relate  to  meteorologj'  or  physics  rather  than  to  as- 
tronomy, some  to  work  already  completed,  and  others  were  received  too 
late  to  l)e  included.  Two  important  cases  may  be  specially  mentioned.  In 
each  of  them  an  appropriation  of  a  part  of  the  sum  required  would  have 
been  made;  but  in  one,  in  our  own  country,  an  active  and  honored  friend 
of  the  science  undertakes  the  whole ;  and  in  the  other,  in  France,  the  gen- 
erous M.  Bischoffsheim,  already  known  as  the  founder  of  the  great  observ- 
atory at  Nice,  ignoring  political  boundaries  and  the  comparitive  selfishness 
of  patriotism,  came  forward  and  gave  the  entire  sum  required.  The  same 
sky  overarches  us  all.    It  is  to  be  hoped  that  the  above  named,  and  other 
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I,  will  obtain  more  important  aid  rrom  ncighbon 
thfse  become  awarehow  highly  the  work  of  their  sdcntista  is  npprraated 
this  country.  The  replies  not  enumerated  above  are  confi  Jen  tilt  t,  and 
not  be  mentioned  encept  by  the  permiBsion  of  the  writers.  But  they  ti«T« 
placed  me  in  possession  of  important  information  regarding  the  [iresent 
needs  of  astronomers.  In  several  cases  a  slcillful  astronomer  is  attjicbed  to 
a  college  which  has  no  money  for  astronomica.!  investigation.  He  Iws 
planned  for  years  a  research  in  the  hope  that  some  day  he  may  be  ahte  to 
carry  it  oitl.  A  few  hundred  dollars  would  enable  him  to  do  this,  and  he 
offers  to  give  his  own  time,  taken  from  his  hours  of  rest,  if  only  be  cnn 
carry  oat  hia  cherished  plans. 

Such  valuable  results  could  be  attained  by  the  expenditure  of  a  few 
thousand  dollars,  that  no  opportunity  should  be  missed  to  secure  titia  c«d. 
Fortnnately,  the  number  of  persons  in  the  United  States  able  and  willing 
to  give  liberally  to  aid  astronomy  is  very  lar^.  It  is  hoped  that  aomc  of 
them  may  be  inclined  to  consider  the  case  here  presented.  1 
rived  from  a  gift  of  one  hundred  thousand  dollars  would  provide  cverjr 
year  for  several  cases  like  those  named  above.  A  tew  thousand  doOMB 
would  provide  immediately  for  the  most  important  of  the  cases  now 
ing  aid.  The  results  ofsuchagift  would  be  very  far  reaching,  and 
be  attained  without  delay.  Correspondence  is  invited  with  those  wisi 
to  aid  any  dep:irtment  of  astronomy,  cither  in  large  or  sr 
direct  gift  or  by  bequest.  Edward  C.  Picesrdcc. 

Harvard  Cullece  Obskrvatorv, 

Caubridgk.Mjiss..  U.S.  A..  ATovember  II,  J890. 


Black  Transit  of  Jupiter's  Third  Satellite.— On  the  evening  of  Joly 
1890,  I  observed  the  most  intensely  dark  transit  of  a  Jovian  satellite  that 
it  has  ever  been  my  fortune  to  witness.  Both  satelUte  III  and  ita  *JiaiIow 
were  on  the  face  of  the  planet,  the  former  showing  a  round  disc  of  dcnM 
blackness,  its  limb  sharp  and  well  defined,  while  the  shadow  wns  less 
black  in  hue.  being  brownish  in  tint,  and  apparently  not  exactly  areolar 
in  form,  with  definition  of  the  limb  somewhat  less  distinct.  As  other 
work  demanded  my  attention,  I  did  not  renew  the  observation  to  see  if  k 
imderwent  any  changeof  color  asit  ncared  the  edge  of  the  disc.  This  gen- 
eral phenomenon  I  have  witnessed  before,  but  never  saw  the  satellite  •» 
strikingly  black  as  on  this  occasion.  Lewis  Swipt. 


ledc- 

1 


Daphcity  of  Jupiter's  Soatbern  Bqaatorial  Belt.  While  showini; 
Jupiter,  on  August  21  last,  to  a  college  professor  from  Teiaa.  ataag  a 
powerof  132on  the  16  inch  refractor,  I  noted  a  central  and  ciceeding)^ 
narrow  division  of  his  southern  equatorial  belt  extending  from  limb  to 
limb.  Powers  of  2O0  and  360  confirmed  my  suspicions,  showing  a  divid- 
ing line  of  spider-thread  fineness,  but  as  bright  as  the  planet's  disc 
Whether  it  was  simply  a  luminous  line  on  the  belt,  that  I  saw,  or  its  diri*. 
ion  into  two  parts,  I  could  not  determine,  though  the  separation  appCMred 
to  be  perfect-  The  line  was  straight,  and,  as  I  now  recall  it  to  mind,  did 
not  follow  the  slight  sinuosities  of  the  two  edges  of  the  belt.    The  obterrk- 
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tion  was  one  of  exceeding  delicacy,  and  tbe  phenomenon  one  that  might 
easily  be  overlooked,  but  the  gentleman  allnded  to  above,  as  well  as  my 
son  Bdward,  were  witnesses  with  me  of  this  appearance,  which  I  had 
never  before  observed,  nor  do  I  remember  to  have  read  of  anjrthing  exact- 
ly similar.  Lewis  Swift. 


Observations  of  Jupiter,  On  Sept.  7  at  9  p.  m.,  Eastern  time,  Professor 
C.  C.  Hntchins,  Bowdoin  College,  Brunswick,  Maine,  observed  two  small 
black  spots  in  the  southern  limit  of  the  southern  great  belt  of  Jupiter,  situ- 
ated a  little  west  of  the  meridian  and  at  the  extremities  of  a  semi-oval  area. 
We  have  not  observed  them.    Possibly  others  have  seen  the  same  objects. 


Notes  and  News,  It  has  been  a  constant  regret  during  the  past  year 
that  it  has  been  so  difficult,  apparently,  to  secure  a  full,  fresh  table  of  news 
and  notes  of  work  from  the  various  observatories  of  this  country.  Blanks 
have  been  sent  out  with  prepaid  return  envelopes  to  the  number  of  one 
hundred  a  month  two  or  three  times  during  the  year,  and  but  few  replies  in 
any  instance  have  been  received.  This  has  been  not  only  a  regret  but  a 
surprise,  for  we  know  that  our  readers  generally  are  more  interested  in  this 
feature  of  the  Messenger  than  in  any  other,  and  yet,  so  far,  this  import- 
ant part  of  our  work  has  received  the  least  general  aid.  We  know  it  is  not 
because  the  hundreds  of  astronomers  and  physicists  in  the  United  States 
have  not  every  week,  if  not  every  day,  their  attention  on  some  interesting 
and  useful  phase  of  our  science  that  would  benefit  somebody  else  if  put  in 
the  proper  channel ,  but  for  some  reason  we  have  failed  almost  wholly  in 
this  particular.    Is  it  the  fault  of  the  Messenger  ? 


Photographic  Notes,  A  13-inch  glass  prepared  by  the  Brothers  Henry 
for  the  international  work  of  the  photographic  survey  of  the  heavens,  con- 
tributes a  photograph  of  the  Ring  Nebula  in  Lyra  to  a  recent  number  of 
Knowledge.  This  picture  was  taken  by  M.  Tr^pied,  the  exposure  being 
six  hours,  made  on  two  successive  nights.  M.  Tr^pied  thinks  that  in  the 
original  negative  he  has  evidence  of  at  least  three  bright  stars  in  the 
brighter  parts  of  the  ring. 

M.  BischofTsheim  has  given  10,000  francs  for  a  parallactic  micrometer 
for  measuring  the  photographs  for  the  photographic  chart  of  the  heavens. 

The  Observatory  for  November  publishes  a  note  by  David  Gill  on  some 
experiments  with  the  new  Cape  astro-photographic  telescope.  A  point  of 
interest  here  brought  out  is  that  for  stellar  photographs,  after  a  certain 
period  of  exposure,  it  is  quite  immaterial  whether  the  atmospheric  defini- 
tion is  good  or  bad — the  photographic  images  of  stars  will  be  equally 
sharp  in  either  case.*' 

G.  M.  Searle,  in  his  lecture  on  **  Astronomical  Photography  as  Pound  in 
the  Photographic  Times,"  calls  attention  to  the  photographic  method  of 
determining  the  position  of  the  north  pole.  Por  such  determination  the 
north  polar  region  is  photographed  by  a  stationary  telescope— the  drive 
clock  not  being  attached.  The  stars  then  form  circular  trails,  having  the 
pole  for  their  common  centre. 
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Velocity  of  Light.  (Abstract  of  remarks  of  Henry  M.  Parkhurst,  at 
the  meeting  of  the  Astronomical  Department  of  the  Brooklyn  Institute,  on 
Oct.  27, 1890.) 

If  a  person  riding  upon  a  car  should  fire  a  pistol  directed  forward, 
the  ball  would  move  with  the  velocity  produced  by  the  powder  plus  the 
velocity  of  the  car.  Is  it  so  with  light  ?  It  has  been  supposed,  and  it 
would  seem  to  be  the  correct  view,  that  the  motion  of  light  is  independent 
of  the  body  from  which  it  emanates ;  but  I  find  it  laid  down  in  the  books 
that  the  waves  of  the  ocean,  and  the  waves  of  sound,  move  with  different 
velocities;  the  question  arises  whether  this  is  also  true  of  the  waves  of 
light,  and  what  proof  we  have  that  it  is  not.  I  quote  from  standard  au- 
thorities : 

'•  But  several  series  of  waves  moving  with  different  velocities  may  co- 
exist upon  the  ocean."— Brande  &  Cox's  Dictionary'  of  Science,  Article, 
Wave. 

"It  has  been  observed  that  an  exceedingly  loud  sound  travels  faster 
than  a  less  loud  one."— Rod  well's  Dictionary  of  Science,  Article,  Velocity  of 
Sound. 

The  difference  in  the  time  during  which  a  variable  star  is  diminishing, 
and  the  time  during  which  it  is  increasing,  has  never  been  accounted  for. 
Would  that  be  accounted  for  in  any  dejCTce  by  the  supposition  that  the 
light  partakes  of  the  motion  of  the  star  T  Would  such  explanation  give  us 
an  approximation  to  the  distance  of  the  star  from  the  earth  ? 

Assuming,  as  derived  in  my  paper  at  our  last  meeting,  that  the  light 
rom  Mizar  takes  150  years  to  reach  the  earth,  that  would  produce  a  differ- 
ence of  28  da\'s  in  the  time  of  reaching  us,  from  the  opposite  sides  of  the 
orbit,  the  period  1>eing  104  days.  Tracing  the  light;  from  the  different 
points,  I  found  that  it  would  come  to  us  in  a  symmetrical  way ;  so  that  the 
difference  just  spoken  of  would  not  be  at  all  accounted  for.  But  I  reached 
other  peculiar  results.  The  line  would  double  upon  itself,  so  that  light 
would  reach  us  from  three  different  points  at  once,  giving  us  the  double  line 
in  the  sjiectrum  even  if  one  of  the  two  stars  were  dark.  Again,  where  the 
curve  doubles  upon  itself,  from  the  maximum  the  light  would  suddenly 
drop  two  or  three  magnitudes,  and  after  a  time  as  suddenly  rise  to  another 
maximum.  Var^-ing  the  assumption  of  distance  between  wide  limits  I 
could  find  no  escape  from  this  phenomenon.  Yet  along  all  the  variable 
stars,  we  have  no  case  where  there  are  such  changes. 

Then  1  examined  the  results  for  Algol,  in  tlie  same  way.  Assuming 
brilliancy  corresponding  to  mass  the  same  as  of  our  sun,  the  difference  of 
timejn  the  arrival  of  light  would  lie  1.9  da\'S,  the  period  Ijeing  2.8  days. 
I  multiplied  this  time  b}'  15  and  divided  it  by  15,  trying  a  large  variety'of 
distances  between  these  limits.  In  all  these  cases  I  deduced  three  peculiar 
results,  and  found  no  evidence  that  they  could  l>e  avoided  so  long  as  light 
was  affected  by  the  motion  of  the  star.  I.  The  light  would  l)e  arriving  at 
all  times  in  such  a  way  as  to  cover  the  i^eriod  of  occultation ;  so  that  Algol 
would  be  brighter  during  the  occultation  than  when  the  bright  star  is  near- 
est us.  2.  We  should  see  the  double  lines  in  the  spectrum,  notwithstanding 
the  darkness  of  the  companion.  3.  Wc  should  see  the  maximum  on  each 
side  of  the  aphelion  suddenly  change  to  a  minimum  extending  through  the 
perihelion. 

I  consider  the  case  of  Algol  as  in  itself  a  demonstration  that  light  does 
not  i)nrtake  of  the  motion  o\  the  body  from  which  it  emanates. 

Professor  1).  G.  Eaton  exjilatncd  the  variation  in  the  velocity  of  (K^ean 
waves  by  its  dependence  upon  the  depth  of  the  ocean,  saying  that  in  space 
no  such  cause  for  variation  could  exist. 

Professor  P.  H.  Van  der  Weyde  exj)laine(l  the  more  rapid  motion  of  loud 
sounds  by  supposing  the  vibration  to  have  been  carried  more  rapidlv 
through  the  earth  for  a  distance,  and  being  then  communicatpd  to  the  air 
and  taking  the  form  of  sound. 

NoTK.  "The  velocity  of  the  wave  is  accordinffly  proportional  to  the  square 
root  of  the  depth  of  the  water,  as  the  theory  indicates,  andf  it  is  not  affected  by  the 
velocitj'  of  the  impulse  or  the  form  of  the  body  by  which  it  is  Reneratcd.*'  Brande's 
Dictionary  of  Science.    Article,  Wave.     This  is  omitted  in   the  later  edition. 
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